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ABSTRACT
The Sick building syndrome(SBS) is a complex symptomology of individuals related 
to the adverse effects of indoor environment on health. Although almost any workplace can 
be affected it is most often associated with the office environment. The causes of SBS are not 
well understood, no single factor or agent has been identified. Some studies have indicated 
that SBS may be a result of multiple factors, including chemical, biological, physical, 
psychosocial, and occupational variables. One such variable, environmental tobacco smoke, 
has not been properly investigated as a contributing cause, and may be related to chemical 
sensitivity(CS). Some authors consider that victims of the SBS may be an example of 
chemical sensitivity and further that some CS patients become sensitive to electromagnetic 
fields(EMF) or electromagnetic radiations(EMR).
The aim of this study is to investigate the effects of these potentially contributing 
factors to the sick building syndrome. 722 people in fifteen buildings with different ventilation 
systems were investigated via self-administrated questionnaires, in which data of SBS 
symptoms and ETS exposure and other information were collected. The results indicated that 
the combination of ETS exposure and working in air-conditioned office buildings contributed 
to the SBS symptoms in both uni-variate analysis, and multiple regression analysis, but 
neither of these variables individually has a significant effect on SBS. The contribution of 
environmental tobacco smoke is therefore considered to be small, but may be a contributing 
factor when taken together with other variables with air-conditioned buildings.
In order to test the possible effects of electromagnetic fields on chemical sensitivity, 
47 patients(19 sensitive to both electromagnetic fields and chemicals and 28 sensitive to 
chemicals only), and 34 controls were tested with sinusoidal uniform magnetic fields
using Helmhotz coils in a single-blinded design study. The effects of exposure were 
tested by measurement of a number of physiological variables. Short time exposure to weak 
uniform sinusoidal magnetic fields at extremely low frequencies did not trigger more 
symptoms in chemical sensitivity patients than in controls. Significant changes in blood 
pressure and some parameters of pupil light reflexes were found in both CS patients and 
controls. Results indicate that ELF electromagnetic radiation may have an excitation effects 
on the sympathetic nervous system; however neither electrically sensitive nor chemically 
sensitive patients were more sensitive in these effects than controls.
The contribution of tobacco smoke and ELF electromagnetic radiation to the cause of 
sick building symptoms needs further quantitative investigations.
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THE SICK BUILDING SYNDROME
-  A STUDY OF SOME CONTRIBUTING FACTORS
1. INTRODUCTION TO THE SICK BUILDING SYNDROME
1.1 Definition
The Sick Building Syndrome(SBS) was firstly defined by the 
World Health Organization (WHO) in 1983 (WHO 1983), since then many 
studies have been conducted, and the definition of the sick 
building syndrome has been improved( M^lhave 1987, Skov 1987, 
Hedge and Wilson 1987, Norbâck 1990, Raw 1992). The concept of 
SBS is that SBS comprises a variety of symptoms occurring with 
increased frequency in some proportion of buildings. The main 
symptoms of sick building syndrome are mucous membrane 
irritations, which can be associated with skin irritation, 
central nervous system symptoms, and other complaints such as 
asthmatic symptoms ( M<j)l have 1987), Most of the symptoms are 
unspecific. These symptoms are:
» mucous membrane irritations: eye watering; sore eye, sore 
nose, and sore throat, stings and smarting, hoarseness, 
changed voice;
» skin irritations : reddening of skin, stinging, smarting, 
and dry skin;
• symptoms of central nervous system: mental fatigue, 
lethargy, difficult concentrating, headache, and dizziness;
» asthmatic symptoms: running nose, asthmatic symptoms in
asthmatics;
• odour complaints; some people have changed sensitivity to 
unpleasant odours or tastes.
The symptoms usually occur on the earlier days of a week.
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progressively worsen and then disappear at weekends and then 
reappear in the earlier days of the following week. The symptoms 
occur more often in the afternoon than in the morning during a 
working day and disappear after work in the evening.
Complaints are usually associated with working in a 
particular type of building. The characteristics of the buildings 
most often associated with sick building syndrome include new or 
renovated office buildings, tight sealing(un-openable windows), 
large proportion of exterior glazing, operated in or owned by the 
public sector and having some form of air-conditioning. But sick 
building syndrome has also been reported in other buildings such 
as hospitals and schools. In affected buildings, it has been 
suggested that 3 0% of new and refurbished buildings will have 
many symptoms among staff and up to 85% of staff will suffer from 
one or more- of symptoms. Women have more complaints than man. 
Clerical or secretarial people have more symptoms than 
professional or managerial people(Wilson et al. 1987b).
Apparently, the definition of sick building syndrome given 
by WHO was based on the symptoms complained of by affected 
people, and on the findings of epidemiological studies on 
buildings with problems, but little on aetiology because the 
causes of sick building syndrome are not well understood.
1.2 Terminology
Before 1983, there was no proper definition of this problem 
and even now there are several terms related to building and 
health. These include building associated illness, building 
related illness, problem buildings, and tight building syndrome.
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There are also some terms more specific to identifiable causes 
such as humidifier fever. Legionnaires disease, and Q~fever. To 
clarify the terminology, a committee of the National Research 
Council(NCR 1987) has proposed two distinct categories of illness 
associated with problem buildings: building-related illness and 
sick building syndrome. Building related illness(BRI) comprises 
illnesses arising from exposure to contaminants that cause a 
specific clinical syndrome. The most commonly identified forms 
of building related illness include humidifier fever, and 
hypersensitivity pneumonitis, which arise from exposure to 
bacteria or allergens and the symptoms and signs characteristic 
of exposure to chemical or biologic substances such as carbon 
monoxide, formaldehyde, chlordane, endotoxin, or mycotoxin. The 
symptoms of building related illness frequently disappear on exit 
from the building and often affect only a few workers. Successful 
mitigation of building related illness requires identification 
and removal of the source.
In contrast, sick building syndrome is characterized by an 
increased prevalence of certain nonspecific symptoms in more than 
20 percent (Marbury et al. 1991a) of the work force. Relief of 
these symptoms usually occurs almost immediately on leaving the 
building. In outbreaks of sick building syndrome, conventional 
industrial hygiene monitoring generally does not show individual 
pollutants to be at above occupational exposure standards(OES) 
levels.
This dichotomous classification has potential limitations, 
building related illness and sick building syndrome may occur 
simultaneously within a building. Furthermore, some cases of
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building related illness may have the characteristics of apparent 
sick building syndrome. For example, elevated carbon monoxide 
levels caused an episode of building related illness in a school 
when an exhaust fan was accidentally reversed and functioned as 
an intake fan. The fan was situated only a few feet from a boiler 
stack(Kreiss and Hodgson 1984). Many of the characteristics of 
sick building syndrome were present in this episode : a high
percentage of teachers and students experienced the symptoms of 
headache and nausea, but they experienced relief from symptoms 
soon after leaving the building, and modification of the 
ventilation system ended the problem.
Before 1983, all the terms mentioned were used without 
limitation, so the terms and problems were quite confused. In 
order to understand these terms, the following examples are 
given.
1.2.1 Building Related(Associated) Illness
These terms refer to those diseases or illnesses which occur 
in buildings where the causes are clear and well defined such as 
humidifier fever, and Legionnaire's disease. Their clinical 
manifestations are different from that of sick building syndrome. 
They have a different set of symptoms, often associated with 
physical signs, and laboratory tests can usually reveal the 
microbial, allergic or chemical cause. The common building 
related illnesses are hypersensitivity pneumonitis, humidifier 
fever, asthma, allergic rhinitis, some infections such as 
Legionnaire's disease, and complaints related to some specific 
chemical exposures. When the causes are removed the diseases will
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be under control. In contrast in sick building syndrome, where 
the causes are often unknown and multifactorial so there is no 
single effective control measure that will remedy the problem.
1.2.1.1 Humidifier Fever
This disease is characterized by fever, chills, muscle 
aches, and malaise, without prominent pulmonary symptoms and 
signs. There symptoms usually arise within 4-8 hours, of exposure 
and subside within 24 hours, without long term effects. The 
pathophysiology is unclear since persons with humidifier fever 
rarely consult physicians for the short-lived flu-like illness, 
and if they do, seldom undergo extensive diagnostic tests. Kreiss 
(1989) summarised that some authors believe that this entity 
belongs to the group of organic dust toxic syndromes, possibly 
a distinct aetiological form of hypersensitivity pneumonitis.
1.2.1.2 Legionnaire's Disease
This is a bacterial pneumonia caused by Legionnella 
pneumophila. It was first recognized in 1976 at the Bellevue 
Stratford Hotel in Philadelphia, Epidemic and endemic cases have 
been associated with buildings since then and traced to aerosols 
from cooling towers, evaporative condensers, humidifiers, 
whirlpools, shower heads, and industrial cooling systems, such 
as for wet grinding. The incubation period for Legionnella 
pneumophila is 5 to 6 days, and only a small percentage of 
exposed persons become ill. In addition to pneumonia, the 
infection may involve the gastral-intestinal tract, the kidney, 
and central nervous system.
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1.2.1.3 Pontiac Fever
Pontiac fever is the other illness caused by Legionella. 
This is a short-lived, self-limited disease without known 
fatalities, occurring with fever, chills, myalgia, and headaches. 
Onset is generally 12 to 3 6 hours after exposure; the disease may 
last 2 to 5 days. No permanent sequelae may be expected. The 
diagnosis is almost always made only in epidemic situations, 
because of the nonspecific nature of the illness.
Risk factors for colonization in hospitals(Vikers et al. 
1987) and homes {Lee et al. 1988) have been identified and include 
low water temperatures, vertical vs. horizontal water tanks, 
sediment and scale, electric heaters blind sump ends, and 
convoluted plumbing systems. Outbreaks have been attributed not 
merely to cooling towers but also to hot water systems in some 
commercial buildings, hospitals, and homes ; cooling systems in 
industrial facilities; and other water sources. Although 
currently no recommendations exist concerning biocidal treatment 
of cooling towers in general, once an outbreak has occurred, some 
form of intervention is appropriate.
1.2.2 Problem Buildings
Problem buildings emphasise the problems with the buildings, 
which cause the diseases, but not the disease epidemics among 
occupants,
1.2.3 Tight Building Syndrome(TBS)
This is similar to the sick building syndrome, but 
emphasizes those problems happened in 'tight buildings', i.e.
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without openable windows, especially with air-conditioning 
systems.
In summary, sick, building syndrome does not have clearly 
identifiable causes but building related illness usually results 
from a detectable cause such as an allergen or microbial 
contamination. Although symptoms can be similar in both sick 
building syndrome and building related illness in some cases, 
building related illness normally has a distinct set of symptoms 
and can be diagnosed with objective signs and laboratory 
findings.
1.3 Possible Causes
During the last two decades, although some pollutants 
(sulphur dioxide and black smog) in outdoor air pollution have 
decreased in most of the industrialized countries(Parliamentary 
Office of Science and Technology 1994), more pollution problems 
have become apparent in a variety of indoor air environments, 
such as offices, hospitals, schools, mobile homes, and even 
transportation(Gravesen et al. 1992). The sick building syndrome 
is one of them, and has been recognized as a new and significant 
factor in occupational health.
So far, the causes of sick building syndrome are not well 
understood. Since the late 1970's, many studies have investigated 
potential causes, but no single factor has been found responsible 
for the problem. Because sick building syndrome is an epidemic 
syndrome, normally among office workers in some certain types of 
building and sick building syndrome symptoms are similar to those 
caused by poor indoor air quality, early studies have been concerned
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with indoor air pollutants as a potential cause. Other studies have 
considered building ventilation and ventilation systems, and 
indoor environment as potential causes. In recent years, studies 
have expanded into the fields of occupants' work and work 
environment, including occupants' sex, age, occupational ranks, 
daily jobs, work load, daily and weekly working hours and 
physical factors in work environment such as illumination, noise, 
VDU, and electromagnetic fields and radiations; and also on 
building related factors such as whether people work in an open 
planned office or a partitioned area, and the design 
characteristics of the building. The findings of these studies 
showed that some of these factors, at least to some degrees, 
contribute to sick building syndrome, including chemicals{Noback 
et al. 1990), physical factors(Robertson et al. 1989; Stenberg, 
Sandstrom 1993) , biological factors, and even socialpsychological 
factors(Noback et al. 1990; Skov et al. 1987, 1989).
In summary, the sick building syndrome is a complex set of 
symptoms related to a variety of factors in certain indoor 
environments. Although indoor air quality is considered to be one 
contributing factor, it is evident that individual 
characteristics, the work and organizational factor, building 
design characteristics and the physical workplace environments 
are all contributing causes.
These possible causes of sick building syndrome will be 
discussed in the following sections on indoor air pollutants, 
building ventilation and air-conditioning, physical factors, and 
building design.
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1.3.1 Indoor Air Pollutants
The development of sick building syndrome and problems of 
indoor air pollution are closely related to the energy crisis in 
the 1970s. This lead to the increases in energy prices, which in 
turn caused building operators to seek alternative fuels, and 
provide better insulation to reduce energy consumption. Efforts 
have been made to reduce energy use in both residential and 
commercial sectors. Common approaches include adding insulation 
and reducing air-change rate, and fuel switching. However these 
measures are in turn related to the type and level of indoor air 
pollutants.
Some types of foam insulation, plywood, particle board, and 
carpet contain formaldehyde resins, the most common of which is 
urea-formaldehyde. Formaldehyde in these products can be released 
into the indoor air. Outgassing rates are higher for some 
materials. The half-life for formaldehyde emission is 
approximately 4.4 years. It is known that formaldehyde is a 
chemical irritant causing eye, nose, and throat irritation. In 
addition to the chemicals in building construction materials, the 
chemicals in building decoration and maintenance are also 
potential sources. Chemicals are released from carpets made from 
synthetic fibres, wall-papers, and from detergents, anti-erosion 
and anti-microbial chemicals in air-conditioning system. 
Chemicals are also released or created by the work activity, such 
as photocopier, laser printing, solvent adhesives and cleaners 
for example, and by the occupants themselves, notably by smoking 
sensitivity.
Reduced air-change rates in the presence of emissions from
CHAPTER ONE 11
building materials and consumer products means raised levels of 
pollutants. These may therefore adversely affect human health, 
and comfort. Urea-formaldehyde foam insulation(UFFI), for 
example, has been shown to be a significant source of 
formaldehyde in some instances(Chown 1981, Hanson 1982, Gupta 
1982) . Complaint symptoms and illness had been reported by 
occupants in buildings with UFFI. Melius and colleagues(1984) 
reported that the National Institute for Occupational Safety and 
Health(NIOSH) classified as many as 48,3% of all indoor air 
problems as being due to inadequate ventilation, including 
contamination, inefficiency, and design problems.
Researchers have been paying more attention to indoor air 
pollution because indoor air pollution is more important than 
before in causing health effects and assessing personal exposure, 
and for some pollutants, personal exposures are not characterized 
adequately by outdoor measurements. The reasons are :
• people spend more than 90 percent of their time
indoors(NIOSH 1983);
• concentrations of some pollutants are higher in indoors
than in outdoor, i.e., they are mainly from indoor sources;
• reduced ventilation rates and increased recirculation rates
in order to reduce energy costs.
Studies have found that people, especially children living 
in homes with gas cookers, had more respiratory symptoms than 
those living in homes without gas cooking. Furthermore, higher 
levels of some pollutants such as NO^ , and CO were seen in gas 
cooking homes (Melia 1977) . At a similar time, researchers noticed 
that people had some complaints after they had moved into mobile
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homes, their symptoms were mucous membrane irritation, headache 
and fatigue(Sardinas 1979). Then similar problems occurred in 
office buildings, particularly those with air-conditioning 
systems and this led to recognition of sick building syndrome. 
The earlier investigations which have been made to look into the 
causes of the problems encountered by office workers were mostly 
focused on some common indoor air pollutants such as 
formaldehyde, particulates, and CO etc. Table 1-1 summarizes some 
common indoor air pollutants and their sources, from which it can 
be seen that most of the pollutants can be from environmental 
tobacco smoke(Spengler 1991).
Table 1-1.Some indoor air pollutants and their sources.
Pollutants Sources_______ _______________
Microbiological humidifier, plants, animals, rodents,organisms humans.
Carbon monoxide smoking(cigarette, pipe, cigar), outdoor,traffic fumes, fuel burning.
Carbon dioxide as above, and people.
Formaldehyde insulation materials, partial boards,plywood, pressured board, panelling,office/house decor, smoking, and fuelburning.
Nitrogen oxides as above.
Ozone photocopier, laser printer.
Particulate as above, condensation of vapour.
Volatile organic smoking, solvents, cleaning compounds,compound combustion.
Source: Spengler 1991.
The pollutants to be discussed in this chapter are only 
those considered possibly contributing to sick building syndrome. 
They are formaldehyde, volatile organic compounds, and carbon
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monoxide.
1.3.1.1 Formaldehyde
Formaldehyde(HCHO) is one of the common indoor air 
pollutants. It is probably more relevant than other pollutants 
in relating to sick building syndrome because of its irritating 
effect and the quantity released from the potential sources in 
a variety of indoor environments.
Phvsica.1 and chemica.1 characteristics Formaldehyde,
the simplest chemical in the aldehyde family, is a one-carbon 
compound with the formula HCHO. Existing in both gaseous and 
liquid states, it readily polymerizes at normal room 
temperatures. Gaseous formaldehyde is colourless with a 
characteristic pungent odour.
Sources Numerous potential sources of formaldehyde
are present in indoor environments and include insulation, new 
furniture and furnishings, carpet, carbonless copy paper, and 
tobacco smoke.
Formaldehyde is most commonly found in the form of urea- 
formaldehyde or phenol-formaldehyde resins. Urea-formaldehyde (UF) 
resins are used to treat many consumer products such as facial 
tissues, paper towels, grocery bags, and other paper products 
which are treated with these resins to increase their wear 
strength. UF resins are also used as stiffeners, water repellents 
and wrinkle resisters, and thus formaldehyde may be emitted from 
permanent-press clothing, carpet backing, floor coverings, and 
adhesive binders. Formaldehyde is also emitted by gas stoves, is 
present in tobacco smoke, and is a constituent of numerous other
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consumer products, such as pesticides and detergents(Mage and 
Gamage 1985).
Formaldehyde is used in building materials and as a 
component of urea-formaldehyde form insulation(ÜFFI). 
Formaldehyde resins exhibit good bonding properties, and thus UF 
resins, in particular, have been used as a glue for plywood, and 
as compound of particle board. Both plywood and particle board 
are used extensively in the manufacture of new furniture and 
cabinets and are also important construction materials in mobile 
homes. After installation formaldehyde is normally emitted for 
a few days. However, if UFFI is not properly formulated or mixed 
for example, if too much formaldehyde is used in the resin 
concentration solution - then the release of formaldehyde could 
be sustained over a longer time. The first half-life of
formaldehyde in mobile homes and new homes with UFFI is four to 
five years (Hart, Tertorro, and Neimeth 1984) . High heat and 
humidity also contribute to higher formaldehyde concentrations 
in the summer.
Smoking is apparently a source of formaldehyde.
Concentrations of 60 - 130 mg/m^ were measured in mainstream
cigarette smoke (Weber-tschopp et al. 1977) . For a person smoking 
20 cigarettes per day this would lead to an exposure of 1 mg per 
day.
■Exposure The normal background is a few micrograms per
cubic meters. In urban area, the annual average levels are 0.005- 
O.Olmg/m^ in the air, short-peak levels can reach one order of 
magnitude higher, ie 0.05 - 0.1 mg/m^ (WHO 1987a) . Indoor
concentrations can be very high in prefabricated buildings where
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chipboard is the main construction material(0.1 - 5 mg/m^ ) ;
however, the highest values in this range occur only very rarely. 
Present averages in these buildings tend to be lower(0.1 - 1.0 
mg/m^ ) , due to better product control in the past few years. 
Recent surveys indicate concentrations in conventional buildings 
averaging between 0.05 and 0.1 mg/m^, depending on the age of the 
buildings and the products used; rarely do these concentrations 
exceed 0.2 mg/rn^ . Concentrations in buildings whose residents 
have reported symptoms are generally somewhat higher they are 
influenced by temperature, humidity, and ventilation(WHO 1987a).
Assuming breathing rate of 20m^  per day for an average adult, 
ie the exposures mentioned above and making different assumptions 
of the time spent in various environments one can calculate 
inhalation exposure per day. Average time estimates lead to the 
conclusion that people spend 60-70% of their time at home, 25% 
at work and 10% outdoors. If one assumes that normal work 
exposures are similar to home exposures and the data given on the 
occurrence of formaldehyde in air are used, the daily inspired 
exposure is about 1 mg per day, with a few exposures atmore than 
2 mg per day. This compares favourably with the estimated range 
of 0.3 - 2.1 mg per day, based on the work of Kalinic et
al. (1984), with estimated weighted average exposures of 0.02 - 
0.14mg/m^.
Exposure to environmental tobacco smoke was estimated from 
chamber measurements. When 6 cigarettes were smoked in a 50mf 
test chamber with one air change per hour(ACH), formaldehyde 
levels were over 0.12 mg/m^ within 15 minutes (WHO 1987a) . Weber- 
tschopp and coworkers (1976) measured the yield of 5-10 cigarettes
CHAPTER ONE 16
in a 30 chamber with low ACH (0 .2-0 . 3) , as 0 .21-0 . 35mg/m^. This 
would be about 0.05-0.07mg/m^ at a 1 ACH. The reason that the 
results of the two studies were so different is not clear, it 
could be from different tobacco leaves or methods of measuring. 
This concentration of the later study is in the same range as 
that likely to be found in rooms of most conventional buildings 
without cigarette smoke. If, however, environmental tobacco smoke 
is a source, and there are other sources, then the equilibrium 
concentration is not the sum of these concentrations. When 
actually measured, environmental tobacco smoke contributes about 
10 - 25% of total indoor exposure(WHO 1987a).
Health Effects Because formaldehyde is principally
absorbed in the respiratory tract and metabolism of absorbed 
formaldehyde is rapid, several experts panel have concluded that 
the respiratory tract is the primary target following inhalation 
of formaldehyde and that formaldehyde itself is unlikely to cause 
adverse effects at sites other than the respiratory system. 
However, a toxic metabolite of formaldehyde could be responsible 
for an effect of formaldehyde at sites distant to the point of 
absorption, eg. cancers of the brain, prostate, bladder, kidney, 
and of the digestive system (Hart et al. 1984) .
Numerous adverse health consequences has been ascribed to 
formaldehyde, ranging from well documented(Breysse 1980) effects 
such as eye and nose irritation to more controversial claims 
including menstrual irregularity, chronic respiratory disease and 
neuro-psychological deficit. The evidence is variable in quality 
and consistency.
The symptoms caused by formaldehyde include eye irritation.
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throat irritation, chronic headache, chronic cough, memory lapse, 
drowsiness, difficulty sleeping, headache, cough, wheezing, 
burning skin, fatigue. These symptoms were found in surveys of 
residents of mobile homes of homes insulated with UFFI and from 
the epidemiological and clinical investigations of occupationally 
exposed workers(Marbury et al. 1991b).
The symptoms displayed by humans after short-term exposure 
to formaldehyde are similar to those observed in animals : 
irritation of the eyes, nose, and the throat together with 
exposure-dependant discomfort, lachrymation, sneezing, coughing, 
nausea, and dyspnoea(Andersen 1983). Symptoms are often more 
severe at the start of exposure and after minutes or hours they 
diminish. Table 1-2 summaries the human responses to formaldehyde 
exposure, from an odour threshold at about O.lmg/m^, progressing 
to eye and throat irritation and discomfort sharply increase 
between 1 - 2 0  mg/m^ , to a danger to life at concentration of 3 0 
mg/m^ and higher.
Numerous reports show that exposure to formaldehyde vapour 
causes direct non-immunological irritation of the skin(Hart et 
al. 1984) . A single application of 1% formalin in water on human 
skin will produce irritation response in about 5% of the 
population(Maibach 1983). Allergic contact dermatitis develops 
in man, but the threshold for induction is uncertain(Hart et al.
1984) .
It is not possible, on the basis of the scientific 
literature, to state a specific limit concentration of
formaldehyde at which odour nuisance starts to appear. Indoor air 
usually contains other organic compounds which, in combination
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with formaldehyde or by themselves, may have odorous and 
irritating properties causing discomfort(Ahlstrôm 1984), Some 
sensitive individuals can sense formaldehyde concentrations of 
O.Olmg/mf and perhaps even lower by a warm feeling on the 
face(Ahlstrôm 1984),
Table 1-2. Effects of formaldehyde in humans after short-term exposure.
E f f e c t s HCHO levels(ma/m®)
Odour detection threshold (including repeated exposures)
Medium
0.1
R a n a e 
0.06 - 1.2
Eye irritation threshold 0.5 0.01 - 1.9
Throat irritation threshold 0.6 0.1 - 3.1
Biting sensation in nose, eye 3.1 2.5 - 3.7
Tolerable for 30 minutes (lachrymation) 5.6 5 - 6.2
Strong lachrymation for 1 hour 17.8 12 - 25
Danger to life, oedema, inflammation, pneumonia 37.5 37 - 60
Death 125 60 - 125
Source: WHO 1987a.
Formaldehyde is indisputably a mucous membrane irritant that 
causes discomfort of the eyes, nose, and throat. Symptoms of 
irritation have been reported by residents of mobile homes and 
homes insulated with UFFI, by subjects exposed to formaldehyde 
in environmental chambers(Kulle 1987) and by employees exposed 
in the work-place(Schoenberg 1975, Horvath 1988). Formaldehyde 
induces sensory irritation through stimulation of the afferent 
trigeminal nerve as well as other reflexive responses. Questions 
remain, however, about the concentrations of formaldehyde
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necessary to elicit these responses.
Formaldehyde may contribute to sick building syndrome 
symptoms at very low concentrations, and there are cases of 
individuals developing a sensitivity to formaldehyde(Rea 1994, 
Johnson 1990). Formaldehyde and/or its metabolites are 
immunogenic: chronic exposure can cause activation of the immune 
system(Broughton 1990) .
In suimary, the irritations caused by formaldehyde at low 
levels are typical sick building syndrome symptoms, and 
investigations have demonstrated that elevated levels of 
formaldehyde in some buildings can cause irritant symptoms. In 
some cases hypersensitivity to formaldehyde can occur. However, 
the evidence is not enough to establish a causal relation between 
exposure to HCHO at very low levels and the occurrence of sick 
building syndrome.
1.3.1.2 Volatile Organic Compounds
The chemicals emitted from building materials and consumer 
products have sufficient high vapour pressure at typical indoor 
temperature to exist as gases or vapours, so they are called 
volatile organic compounds(VOCs). Some of these compounds have 
a lower vapour pressures, therefore are called semi-volatile 
organic compounds(SVOCs). SVOCs are generally associated with 
particles, e.g., environmental tobacco smoke. VOCs and SVOCs can 
be further classified on the bases of their chemical structure 
as done by Miksch and colleagues(1982) into four classes:
• Aliphatic hydrocarbons, including straight chain, branched 
chain and cyclohexane derivatives;
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• Alkylated aromatic hydrocarbons as well as benzene;
• Halogenated hydrocarbons, primarily chlorine and fluorine 
substituted;
• Oxygenated hydrocarbons: alcohols, ketones, aldehydes, 
organic acids, ethers and esters.
VOCs have been implicated as a possible cause of sick 
building syndrome for two reasons. First, the health effects from 
exposure to VOCs are consistent with sick building syndrome 
symptoms, ranging from irritant effects such as unpleasant odours 
and mucous membrane irritation, through general systemic effects 
such as fatigue, nausea, and difficult concentration. Second, 
indoor concentrations of VOCs, particularly in new buildings, are 
often greatly elevated with respect to outdoor VOCs levels. Since 
the 1970s, more and more man-made insulation, and decorative 
materials have been used in building's construction and 
decoration. Other sources, such as cleaning materials, combustion 
products and activities such as spraying insecticides(Wallace 
1987c), and paint removers are also described.
Sources VOCs are mainly from the following sources :
e Building materials and furnishings Building materials
and furnishings can be grouped together because they share the 
same emission characteristics. This is an important source of 
VOCs, especially because of its possible contribution to sick 
building syndrome. Building material sources tend to be diffuse 
sources because they are distributed over large areas of a 
building. VOCs emissions from building materials and furnishings 
are generally largest when the materials are new. Many materials 
emit VOC directly, others do so initially but then act as sinks
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for VOCs emitted from other sources. Later these materials can 
act as secondary sources and release VOCs into indoor air. This 
is called the "sponge effect". Berglund(1983) demonstrated that 
it took 30 days to eliminate the sponge effect by supplying 0,5 
ACH of outdoor air to a stainless steel chamber lined with floor, 
wall and ceiling materials. The initial VOCs levels(about 
100/xg/m^ ) were similar to those measured inside a preschool.
• Building Maintenance Products These products include 
cleaning, disinfecting, deodorizing and polishing products, as 
well as insecticides. In a broader sense, painting and finishing
products are also included.
These sources are episodic because of their application 
schedule, which may be daily, weekly or a combination of daily
and weekly. It is noticed that some of these sources such as
residual cleaning products become gradually stronger because they 
are possibly accumulated. This is unlike sources derived from 
building materials which become gradually weaker. Based upon 
product labels, one would expect emissions of oxygenated 
hydrocarbons, aromatic compounds and halogenated hydrocarbons 
from these products.
e Consumer Products These sources include personal products
and hobbyists products. They should produce a constant, low-level 
concentrations of VOCs. But they could produce large
concentrations of some VOCs in an episodic manner under some 
circumstances. Different VOCs are emitted from different
products.
• Combustion Processes Tobacco smoking is a continuous and 
important source of VOCs. ETS comprises many VOCs and SVOCs.
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• Occupants Humans can be treated as continuous sources
of VOCs. The VOCs produced by humans are summarized in Table 1 
-3(Wang 1975). Their activity may cause VOCs increase. Two recent 
studies, one conducted by Wallace( 1990) and the other by Lee et 
al. (1993), indicated that many human activities increase peoples* 
exposure to some VOCs. The results of this Wallace's study is 
summarised in Table 1-4. The VOCs produced by humans are 
primarily oxygenated compounds, alcohols, aldehyde, and ketone. 
Toluene and phenol were also measured in measurable 
quantities.The VOCs produced by personal activities vary very 
much, from using bathroom, washing dishes, or cleaning automobile 
carburettor for example. This results in ten to one thousand fold 
increases in eight hour exposures to specific VOCS.
Table 1-3. Average levels and emissions of organicbioeffluents in a lecture class®.
Bioeffluent level(DDb) Emission Rate^
Acetone 20.6 ±2.8 50.7 ± 27.3Acetaldehyde 4.2 ±2.1 6.2 ±4.5Acetic acid 9.9 ±1.1 3.6 ±3.6Allyl alcohol 1.7 ±1.7 19.9 ±2.3Amyl alcohol 7,6 ±7.2 21.9 ± 20.8Butyric acid 15.1 ±1.3 20.8 ± 11.4Diethylketone 5.7 ±5.0 20.8 ± 11.4Ethyl acetate 8.6 ±2.6 25.4 ±4.8Ethyl alcohol 22.8 ± 10-0 44.7 ±21.5Methyl alcohol 54.8 ± 29.3 74.4 ±5.0Phenol 4.6 ±1.9 9.5 ±1.5Toluene 1.8 ±1.7 7.4 ±4.9
®* Source: Wang(1975).Emission rate: mg/person per day; 389 people at 9:30.
Common VOCs and Exposure Levels More than five hundred 
VOCs have been identified in indoor air and about two dozen of 
these are carcinogenic or mutagenic(Sheldon 1988a). The list of
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commonly found VOCs is smaller, being in the order of fifty 
compounds(Table 1-5, Wallace 1991a).
Health Effects Most of our knowledge about irritant
effects has focused on VOC concentrations found in industrial 
settings. The central nervous system(CNS) effects, i.e., solvent 
neurotoxicity, have generally been studied in occupationally 
exposed groups, e.g., painters or carpet layers, or in 
experimental chamber studies using doses substantially higher 
than those likely to occur in offices. In addition, most 
experimental studies have examined the effects of a single VOC. 
A report on the results of a Danish chamber study provides 
interesting insight into the health effects of exposure to a 
mixture of VOC at lower concentrations (M^lhave et al. 1986). 
Sixty-two people, who had reported difficulty with poor lAQ but 
who had neither somatic nor psychiatric diseases, were exposed 
in groups of four in a double-blind experiment to clean air and 
one of two concentrations of VOCs. Twenty-two compounds, all of 
which are found in nonindustrial indoor air and all of which are 
known or suspected irritants, according to the researchers, were 
used at a total VOC concentration of 5 or 25 mg/m^. The 
researchers state that these concentrations correspond to the 
average and maximum concentrations observed in new Danish houses. 
Because the average concentration employed, 5 mg/m^, is also 
representative of the results observed in some office buildings 
with sick building syndrome, their results are worth examining 
in some details.
Two mental performance tests were administered to the 
subjects. One test, the graphic continuous performance test, was
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Some organic chemicals and human activities®.
C h e m i c a l  Volatile Chemicals: Benzene
Tetrachloroethylene
p-Dichlorobenzene
Chloroform
Methylene chloride 
1,1,1-Trichloroethane
Trichloroethylene 
Carbon tetrachloride
Level^ M a i o r S o u r c e
1.000 Smoking, auto exhaust, passive smoking, driving,pumping petrol.
1.000 Wearing or storing dry-cleaned clothes, visitingdry cleaners
1.000 Room deodorizers, moth cakes
250 Showering(10 minute average)
50 Washing clothes, dishes
500.000 Paint striping, solvent usage
1.000 Wearing or storing dry-cleaned clothes, aerosolsprays, fabric protectors
100 U n k n o w n (  c o s m e t i c s  ,electronic parts)
100 Industrial-strength cleansers
Aromatic hydrocarbons 1,000 (toluene, xylene, ethyl-benzene, trimethyl-benzenes)
Aliphatic hydrocarbons 1,000 (octane, decane, undecane)
Terpenes 1,000(limonene, a-pinene)
Semi-volatlle chemicals: Chlorpyrifos, insecticide Chlordane, heptachlor
Diazinon 100
Polychlorinated biphenyls(PCBs)
Polycyclic aromatic hydrocarbons(PAHs)
Paints, adhesives, gasoline, combustion sources
Pains, adhesives, gasoline, combustion sources
Scented deodorizers, polishes, fabrics, fabric softeners, cigarettes, food, and beverages
10 HouseholdTermiticide
Transformer, fluorescent ballasts,ceiling tiles
Combustion products (smoking, wood burning, kerosene heaters)
®* source: Wallace 1990.peak value in non-occupational environmental (pg/m^)
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Table 1-5. Common organic compounds found at four buildings®.
Class/Comoound N^ Class/Comnound
Aromatic Hydrocarbons Aliphatics
Benzene 16 Undecane 10Toluene 16 2-MehtyIhexane 9Xylene 16 2-MethyIpentane 9Styrene 16 3-MethyIhexane 9Ethylbenzene 16 3-Methylpentane 9Ethylmethyl benzenes 16 Octane 9Trimethyl benzenes 16 Nonane 9Dimethylethyl benzenes 15 Decane 9Naphthalene 15 Dodecane 9Methylnaphthalenes 15 Tridecane 9Propylmethyl bezenes 14 Methylcyclohexane 9n-propyl benzenes 13 Heptane 8Diethylbenzenes 12 Tetradecane 8
Halogeneratd Hydrocarbons 2-MethyIheptane 8
Tetrachloroethylene 16 Cyclohexane 81,1,1-Trichloroethane 15 Pentadecane 7Trichloroethylene 14 4-Methylecane 7Dichlorobenzenes 12 2,4DimethyIhexane 7Trichlorofluoromethane 12 Pentane 6Dichloromethane 11 Hexane 6Chloroform 10 Eicosane 6
Esters 3-Methylnonane 6
Ethyl actate 8 1,3Dimethylcyclopentane 6m-Hexyl butanoate 4
Alcohols
2-Ethyl-1-hexanol 9n-Hexanol 82-Butylocatnol 7n-Dodecanal 6
Aldehyde
n-Nonanal 13n-decanal 10
Miscellaneous
Acetone 16Acetic acid 10Dimethylphenols 6Ethylene oxide 4
Source: Wallace 1991a.Number of samples of 16 with compounds present. Number of samples of 10 with compounds present.
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designed to measure the subjects' ability of concentrate. No 
significant effect was found by this test with respect to VOC 
concentrations. The second test, the digit span test, was 
designed to measure short-term memory impairment of those exposed 
to neurotoxins. Scores decreased significantly during exposure 
to the mixture of 22 VOCs, possibly providing an objective and 
sensitive test for VOC exposure. Another test to evaluate 
irritation of the trigeminal nerve gave results that were not 
statistically correlated with exposure.
Subjective tests were also conducted in which the subjects 
'voted' on their perception of indoor air quality, 
odourintensity, and other individual responses(e.g., dry mucous 
membrane and eye irritation). The perception of occupants with 
respect to both poor air quality and odour intensity increased 
with total VOC concentration. Perception of dry mucous membranes 
were equally high at both 5 and 25 mg/m^ , and much higher than 
with clean air.
One of the earliest published studies of the investigation 
of a sick building devoted considerable effort to characterizing 
VOCs in the building, because indoor VOCs concentrations were 
approximately a factor of eight higher than outdoor 
concentrations(Turiel 1983). In fact, indoor VOCs levels have 
typically been found to be between two to ten times higher than 
outdoor, but the variety of compounds is larger(Miksch 1982).
Noback and colleagues(1990) conducted a study in Denmark. 
The results showed that total hydrocarbon concentration in 
buildings correlated significantly with the number of symptoms 
complained of by occupants both in uni-variate and multiple
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regression analysis.
M(j)lhave (1990) indicated a range of effects of total VOCs 
at different concentrations(Table 1-6). The ranges for each level 
of effect are quite large; it is therefore not usually possible 
to make direct attribution of effects on building occupants from 
measured total volatile organic compounds(TVOC) levels.
Table 1-6. Tentative dose response relation for discomfort resulting from exposure to solvent-like VOCs.
Level(ma/m^ ) Irritation & Discomfort ExDOSure Ranae
<0.20 No irritation or discomfort No effect range
0.20-3.0 Irritation and discomfort possible if other exposure interact
Multi-factorial exposure range
3.0-25 Exposure effect and probable headache if other exposure interact
Discomfort range
>25 Neurotoxic effects other than headache may occur Toxic range
Source : M{j)lhave 1990.
One limit on the potential for VOCsto cause sick building 
syndrome is the fact the levels would normally decrease over time 
following completion of a building. In one reported case(Ekberg 
1991) levels decrease rapidly in the first 3 months of occupancy 
and were well within established guidelines and recommendations 
after a year. This fits with the report by Baldwin et al. (1990) 
that levels decrease to a stable level over approximately a year. 
The level of VOCs at any one time would obviously depend on the 
starting levels and the nature of the sources, but the general 
principle seems to be that levels decay quite rapidly.
The VOCs from building materials and initial furnishing
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materials become a much less likely cause of sick building 
syndrome when a building is approximately a year old. This is 
hard to reconcile with the finding that 1970s buildings are more 
likely to be 'sick' than 1980s buildings(Wilson et al 1987b). 
Nevertheless, VOCs are always worth considering as a potential 
case in new buildings, and there may be different sources and 
different causes in older buildings. It has been observed that 
people habituate quite rapidly to the odour of air pollutants, 
and some have suggested that this means that odorous pollutants 
can be permitted at higher levels than previously 
thought(Gunnarsen 1990). However, this is not the whole story: 
the fact that people can habituate to odour does not mean that 
the adverse effects of a chemical disappear with the odour. For 
example, Hudnell et al.(1990), found that the odour resulting 
from exposure to mixtures of volatile organic compounds decreased 
over time, whereas irritation of the eyes and throat does not. 
Thus the fact that people adapt to odours does not preclude the 
possibility that odorous substances contribute to sick building 
syndrome.
There are a number of investigations which appear to have 
shown positive evidence that VOCs contribute to sick building 
syndrome. Among the earlier studies. Dement (1984 found complaints 
of upper respiratory and eye irritation in a temporary building 
with particle board panelling where formaldehyde levels of up to 
0.23 ppm were measured. After 'fumigation' with ammonia and 
increase ventilation, formaldehyde levels dropped to below 0.1 
ppm and complaints subsided.
Wallace(1991b) found that persons in areas where new carpet
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had been installed during the year - long period covered by the 
survey reported increased frequency of throat symptoms(sore 
throat, dry throat, hoarseness) and possibly dizziness, but there 
was no association with measured VOC levels. Odour of paint and 
chemicals was associated with headache; nasal, chest and throat 
symptoms; fatigue; difficulty concentrating; and dizziness. Odour 
of cosmetics and odour of food were associated with eye symptoms, 
chills and fever, pains and difficulty concentrating. Some of 
these correlations are difficult to explain unless they are 
caused by statistical artifacts but this is possibly the only 
study which has considered cosmetics as potential cause of sick 
building syndrome.
The same study found symptoms(headache; nasal, chest, eye, 
throat symptoms; fatigue; pain; difficulty concentrating; 
dizziness) to be correlated with self-reported chemical 
sensitivity. Of course, the respondents may have judged 
themselves to be chemically sensitive for the very reason that 
they were experiencing symptoms.
Berglund(1990a) studied the variation in 16 symptoms 
experienced by staff in a library building. Eight people were 
found to show an increase in symptoms during the course of the 
day and these were reckoned to be the primary sick building 
syndrome symptoms. They do indeed include those symptoms which 
are reckoned to define sick building syndrome, except nose 
irritation and dry skin. The increase in these symptoms in the 
course of the day was very highly correlated with the increase 
in levels of total volatile organic chemicals.
Norback et al. (1987, 1989) studied the occurrence of sick
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building syndrome symptoms in the staff of 6 primary schools. In 
an initial cross-sectional study they observed an excess of 
symptoms in the two schools with wall-to-wall carpets compared 
to the four schools with hard-cover floors. The wall-to-wall 
carpets were eventually removed from the schools. A repeated 
questionnaire was directed four years later to those subjects 
still working in the schools. There was significant decrease in 
symptoms among those whose carpets had been removed while the 
mean score in the reference group did not change over time. The 
study was not blind, and the conclusions would have been stronger 
if changes had been analyzed within individuals, rather than by 
group comparisons.
Hellstrom et al. (1990) eliminated spontaneous complaints in 
a school by removing PVC flooring and enlarging a flue but it is 
not possible to say whether the change was due to one 
intervention of the other, both, or the occupants knowledge of 
the change.
In one major study (Skov at al. 1987) there were two 
important correlates of sick building syndrome: the 'fleece
factor' (area of carpet, curtains and other fabric divided by the 
volume of the space), and 'shelf factor'(length of open shelving 
or filing space divided by volume of the space). These factors 
reflect possiblesources of pollution such as organics, dust, and 
microbiological elements. The researchers proposed that when the 
temperature is high and/or the relative humidity is low or there 
is high work activity, potentially allergenic material is 
released.
Several papers have attributed symptoms to a photochemical
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smog caused by the action of ultraviolet light on organic 
contaminants but these are based on a single study of two 
buildings (Sterling et al. 1983a) and the theory does not appear 
to have been conclusively proven because of the strengths of both 
ultraviolet light and VOCs.
Stridh et al.(1988) had earlier found that indoor air 
quality(IAQ) complaints and sick building syndrome symptoms in 
an office building were related to high recirculation air and 
self levelling screed which had become damp. Varying the 
recirculation rate caused a change in spontaneous complaints and 
symptoms were correlated with the dampness of the floor on each 
storey. Unfortunately, Bornehag(1991) found that the release of 
ammonia from self levelling screed cannot necessarily be dealt 
with by removing the screed because ammonia may have diffused 
into the concrete below.
Hellstrom et al. (1990) eliminated spontaneous complaints
in dwellings by covering a self-levelling screed with 2 mm 
polyethylene sheet and reducing ventilation fan noise in 
dwellings. However it is apparently difficult to say which the 
dominant role was in solving the problem, the reduced exposure 
could be from either reduced emission or the reduced fan noise.
Evidence for a role of VOCs in sick building syndrome has 
also come from laboratory experiment. Kjaergaard et al.(1990) 
exposed subjects to a mixture of 22 volatile organic compounds. 
21 subjects were deemed to be healthy, while 14 had been 
reporting symptoms of sick building syndrome. The exposure level 
was 25 mg/m^, a level far higher than would normally be found in 
office buildings (Finnegan et al 1984) . The sick building syndrome
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group had higher changes in subjective ratings(of odour, air 
quality, irritation of the mucous membranes) as measured by a 
digit symbol test when exposed to this mixture.
In spite of the evidence for a role of VOCs, there are 
problems with an explanation of sick building syndrome in terms 
of VOCs, or indoor pollutants in general. Several studies 
(Robertson et al. 1985, Skov et al. 1987, Sterling et al. 1983b,
1985), have examined variation in symptoms between buildings in 
relation to indoor air pollutants and the general conclusion has 
been that there are no characteristic differences in type of 
substances present or pollutant concentrations between 'sick' and 
'control' buildings. Although sick building syndrome could result 
from the additive or synergistic effect of many pollutants(or 
specific patterns of pollutants), each of which individually is 
sub-threshold, De Bortoli et al. (1990) found no association
between volatile organic compounds and air quality complaints in 
office buildings of the European Parliament.
One problem of assessing VOCs as a cause of sick building 
syndrome is the wide range of compounds and mixtures of compounds 
found in the indoor air. Summary indicators such as the fleece 
and shelf factors may therefore be more useful measures in some 
cases than measurements of specific pollutants. Another approach 
which is currently under development is subjective evaluation of 
odour. One author has indicated that ventilation must be geared 
to removing not just the odour which is due to the people in the 
building, but also the(often greater) odour from building 
materials and ventilation systems(Fanger et al. 1988).
Alternatively assessment of VOC levels may be assisted by
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catégorisation as background, due to users, and outdoor(Berglund 
et al. 1990) or by rank order assessment (Morey et al. 1990).
In summary, there is a variety of volatile organic chemicals 
in nonindustrial indoor environments. Results from controlled 
experiments associate some of the symptoms reported by occupants 
of complaint buildings with exposure to volatile organic 
chemicals at concentrations far below occupational standards of 
some individual chemicals but which are consistent with 
concentrations found in nonindustrial indoor air although there 
are still problems in assessing VOC as a cause of sick building 
syndrome, and more convincing evidences are needed.
1.3.1.3 Carbon Monoxide
Carbon monoxide(CO) is one of the main indoor air pollutants 
from a variety of sources including environmental tobacco smoke. 
In office environments, carbon monoxide is mainly from 
environmental tobacco smoke so there is a possibility for carbon 
monoxide to contribute to the sick building syndrome nonspecific 
symptoms such as headache, dizziness etc.
Physicochemical characteristics Carbon monoxide is a 
colourless, odourless, and tasteless gas produced by incomplete 
combustion of carbonaceous fuels such as wood, gasoline, and 
natural gas(National Research Council 1977). It is slightly 
lighter than air.
Sources There are many opportunities for exposure to
carbon monoxide in indoor environments because of the combustion 
source places of used in these settings. Intensive. smoking in 
indoor locations may also result in carbon monoxide build up. The
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concentrations resulting from these sources are usually far below 
those that cause acute poisoning; however, the exposure may still 
be high enough to affect the blood, heart, and nervous systems 
adversely.
Exvosure For people working in office buildings the
main source of carbon monoxide is from environmental tobacco 
smoke. Indoor exposures in residences and public places are 
generally low(Akland et al. 1985, see Table 1-7).
Table 1-7. Carbon monoxide levels observed in major urbanenvironments in some US cities.
Environmental Settings_______  Carbon Monoxide Levels (mean)mg/m^Indoor 
Residential
Park garages and automobile service facilities
Store and service establishments
Restaurants
In vehicles
Outdoor
Near active roadways 2.6-3.8 3.3 - 4.8
Away from road ways and parks <1-0 <1.3
Walking or on bicycle 2.4 - 4.2 3.0-5.3
Source: Akland et al. 1985.
In the absence of indoor sources, mean indoor carbon 
monoxide levels are usually equal to outdoor concentrations. If 
strong indoor sources are present, however, indoor levels can be 
several fold higher than those outside the building. Because 
carbon monoxide is an essentially nonreactive gas, removal by 
ventilation to outside air is the usual route of elimination from
1.2 - 1.7 1.5 - 2.1
10.4 -18.8 13.0 - 23.5
2.5 - 3.0 3.1 - 3.8
2.1 - 4.2 2,6 — 5.2
3.6 - 8.0 4.5 - 10.0
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the indoor environment. Therefore, in buildings with low 
ventilation rates, carbon monoxide may be retained near occupants 
for extended periods.
Health Effects The chronic health effect's possibly
related to the exposure to low concentrations of carbon 
monoxide(especially those producing COHb levels below 10%) can 
be divided into four types(USEPA 1979, 1984):
a. Cardiovascular effects;
b. Neurobehavioural effects;
c. Fibrinolysis;
d. Perinatal effects.
Because of the adverse effect of carbon monoxide on oxygen 
delivery to tissues, individuals with a need for a high oxygen 
consumption or who have preexisting disorders of oxygen delivery 
may be highly sensitive to the effect of carbon monoxide. Hypoxia 
caused by carbon monoxide leads to deficient function in 
sensitive organs and tissues like the brain, heart, the inner 
wall of blood vessels and platelet. The followings may be the 
potential conditions that increase the susceptibility to the 
adverse effect of carbon monoxide:
a. Chronic hypoxaemia: high altitude, chronic lung diseases, 
right-to-left shunts;
b. Impaired cardiac output: cardiomyopathy, vascular heart 
diseases ;
c. Vascular diseases: atherosclerotic heart disease, 
cerebrovascular disease, peripheral vascular diseases;
d. Haemoglobin abnormalities; anaemia, haemoglobinopathy. 
Table 1-8 (WHO 1987) summarizes studies relating human health
effects to different low level exposures to carbon monoxide.
Clinicians have advanced the concept of 'occult' carbon
monoxide poisoning, which results from persistent exposure to low
levels of carbon monoxide in indoor environments. Headache and
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dizziness, early symptoms of carbon monoxide poisoning, have been 
associated with COHb levels greater than 10%, with self-reports 
of problems with gas furnaces in residences and with the use of 
gas stoves for heating. Stepwise multiple regression analysis of 
the combined cohorts revealed that both daily number of 
cigarettes smoked and symptomatic cohabitants were significant 
predictor of the levels of COHb(Heckerling 1987, Kirkpatrik 
1987).
Table 1-8. Human health effects associated with low level carbon monoxide exposures: the lowest-observed-effect levels.
COHb (%)  E f f e c t s
2,3-4.3 Statistically significant decrease(3-7%) in therelation between work time and exhaustion in exercising young health men;
2.9-4.5 Statistically significant decrease in exercisecapacity(i.e. shortened duration of exercise before onset of pain) in patients with angina pectoris and increase in duration of angina attacks;
5.0-5.5 Statistically significant decrease in maximal oxygenconsumption and exercise time in young healthy men during strenuous exercise;
< 5  No statistically significant vigilance decrementsafter exposure to CO;
5-7.6 Statistically significant impairment of vigilancetasks in healthy experimental subjects;
5-17 Statistically significant diminution of visualperception manual dexterity, ability to learn, or performance in complex sensorimotor tasks(e.g. driving);
7-20 Statistically significant decease in maximal oxygenconsumption during strenuous exercise in young healthy men.
Source: WHO 1987.
A recent study conducted by Hedge et al,(1993) did not find 
sick building syndrome symptoms related to exposure to carbon
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monoxide at 0.0125 mg/m^ among office workers in five air- 
conditioned buildings.
Canadian researchers(Menzies et al. 1993) recently carried 
out a well-designed study(a randomized double-blind multiple 
cross-over trial) in four modern buildings with different 
ventilation systems. It was not able to draw a conclusion that 
combined exposure to multiple contaminants(including carbon 
monoxide of 2. 7-4.8 ppm) was related with sick building syndrome 
symptoms.
Therefore, there is no direct evidence that carbon monoxide 
is a contributing cause of sick building syndrome.
1.3.1.4 Enviromnental Tobacco Smoke
Environmental tobacco smoke(ETS) is a mixture of the 
products of tobacco combustion, including inorganic chemicals 
such as carbon monoxide and organic chemicals. There are more 
than 4,500 chemicals identified in environmental tobacco smoke. 
Environmental tobacco smoke is considered as one of the potential 
causes of sick building syndrome since its apparent effects of 
odour and mucus membrane irritations fit the description of sick 
building syndrome. A detail discussion on environmental tobacco 
smoke and sick building syndrome is contained in Chapter 2.
1.3.2 Building Ventilation and Air-conditioning System
Reduced air-change rates in the presence of emissions from 
building materials and consumer products means raised levels of 
pollutants. These may therefore adversely affect human health and 
comfort.
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The provision of a comfortable and healthy indoor 
environment is largely dependant upon the proper design, 
operation, and maintenance of a building's heating, ventilation, 
and air-conditioning(HVAC) system. HVAC systems have two primary 
functions, namely, the provision of acceptable thermal conditions 
and acceptable indoor air quality. Thus, a properly designed 
HAVC system should provide optimum indoor temperatures and humidity 
levels all year round. The same mechanical system should also 
provide an adequate mixture of outdoor air and returned air to 
the occupied space. Filtration systems capable of removing
aircontaminants from the ventilation air are essential for 
acceptable air quality.
If a ventilation system is not satisfactory with the 
conditions discussed above, health problems of the occupants in 
the building may occur. The common problems with HVAC systems 
are :
• absence of maintenance : poor or no maintenance of the HVAC 
system will not achieve the two primary functions, in other 
words, thermal discomfort and poor air quality may cause 
health problems among occupants;
• ventilation system deficiency: not enough capacity or high 
load;
• inadequate outdoor air: outdoor air intakes located near 
garages or at street level lead to combustion products 
entering outdoor air inlet.
• poor controls, leading to variations and gradient in 
temperature, humidity, and air movements.
The most common problem with ventilation system is absence
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of maintenance, followed by ventilation system deficiency. The 
lower ventilation rates employed in the 1970s(Table 1-9) very 
possibly contributed to the frequent indoor air problems reported 
in the USA,
Table 1-9. ASHRAE® ventilation standards.
Year Ventilation Ex dIanations ReferenceRate. cfm^_
1930s 10 - 30 Bioeffluents
1973 20 cfm Odour control ASHRAE 19735 cfm COg < 2,000ppm ASHRAE 1973
1975 5 cfm ETS, bioeffluents ASHRAE 1975
1981 20 cfm Smoking ASHRAE 19815 cfm No smoking ASHRAE 1981
1989 15 cfm Regardless of Smoking ASHRAE 198915 cfm Classroom ASHRAE 198920 cfm Office ASHRAE 198925 cfm Patient room ASHRAE 1989
American Society of Heating, Refrigerating and Air- Conditioning Engineers.Cubic feet per minute per occupant.
Higher flow volumes are recommended if ventilation air 
entering a room does not adequately mix with room air at the 
breathing zone, or unusual contaminant sources are present.
It is often said that inadequate ventilation is a common 
denominator in cases of sick building syndrome. Inadequate 
ventilation was identified as a suspected causal factor in 50% 
of 356 investigations conducted by NIOSH between 1974 and 
1985(Wallingford & Carpenter 1986, NIOSH 1987) and 68% of 
Canadian buildings investigated by Health and Welfare Canada in 
1984(Kirkbride 1985). There has been similar experience in 
Denmark(Volbj<l)rn et al. 1990a). Nevertheless, it is far from
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clear that low ventilation rates are actually responsible for 
many cases of sick building syndrome. In spite of the weight of 
circumstantial evidence, the fact that two phenomena are observed 
in the same building does not provide sufficient evidence that 
the one causes the other. In any case these investigations were 
conducted prior to the increases in most ventilation standards 
over the past five years.
There can be little doubt that increasing the ventilation 
rate or reducing the proportion of recirculated air will normally 
reduce indoor pollution. For example Farant et al. (1990) found 
that with higher outdoor air rates, concentrations of carbon 
dioxide, oxides of nitrogen and VOCs were lower. Turiel et al. 
(1983) found that indoor concentrations of contaminants were 
correlated with the proportion of recirculated air, but none of 
a total of 28 measured contaminants exceeded recommended outdoor 
levels in a building which exhibited sick building syndrome.
Recirculation is not always necessary on grounds of energy 
efficiency since total energy recovery systems can provide an 
alternative(Bayer and Downing 1991).
There have been many studies on ventilation and sick 
building syndrome, and some of them are summarized in Table 1-10.
In any case, where the cause of sick building syndrome is 
thought to be indoor pollution, it should be dealt with primarily 
by removing or isolating the source of the pollution. The 
ventilation rate per person is not a sufficient measure of air 
quality since there are many sources of pollution other than 
persons. Unfortunately there is not at present adequate data on 
how much additional ventilation might be required, since this
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would vary greatly from building to building.
It continues to be incumbent on building designers and 
operators to ensure that system commissioning, maintenance and 
cleaning are both feasible and actually undertaken to minimize 
any possible contribution of these factors to sick building 
syndrome.
It should be noted that air-conditioned buildings are 
usually without openable windows. There is little local control 
of ventilation for occupants in the buildings. The lack of 
individual adjustment of ventilation may result dissatisfaction 
with subjective perception of air quality in air-conditioned 
buildings. This may increase discomfort, which in turn contribute 
to SBS symptoms. On the other hand, naturally ventilated 
buildings are normally with openable windows. Local individual 
control of ventilation will apparently enable occupants feel a 
good subjective perception of air quality.
In summary, an inadequate volume of fresh air is unlikely 
to be a sufficient explanation for sick building syndrome, 
although it can be a contributory factor, for a number of 
reasons :
• ventilation rates can be, and often are, higher in air- 
conditioned buildings than in naturally ventilated 
buildings;
• a high ventilation are does not guarantee a high fresh air 
rate or that fresh air is being distributed to the 
occupants - design of air supply and extract if critical;
• in some buildings it has proved difficult to show a change 
in sick building syndrome by varying the rate of fresh air
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supply to a building over quite a wide range (i.e. 0-70%
recirculation and 6 - 23 litre per second per person) and 
buildings with high ventilation rates(well in excess of the 
ASHRAE minimum) can be sick;
• within a ventilation category, there is no demonstrated 
correlation between ventilation rate and symptom 
prevalence.
1.3.3 Physical Factors
In addition to chemicals, indoor environments have been 
increasingly changing. More and more electrical and electronic 
equipment has entered the office environment so that physical 
factors may be potentially playing an important role in 
influencing occupants comfort and health. The physical factors 
include illumination(lighting), noise, static electric charge, 
and electromagnetic fields(EMFs). The video display unit(VDU) is 
now an essential part of the office environment and particular 
concerns have been expressed about the health consequences of 
working with computer equipment. These range from lighting, 
visual discomfort, stress, noise, and posture to the possible 
harmful effects of ionising and non-ionising radiation, static 
electricity and air ionisation. It is not difficult to understand 
that the physical factors in indoor environments are potential 
causes of health problem. Poor office lighting(Robertson 1989), 
(too dark or bright and reflections) ; high levels of background 
noise produced by office equipment are two examples. In addition, 
VDUs(Stenberg B. et al. 1993) cause a number of adverse health 
effects due to eye strain, posture, for example.
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A brief discussion of lighting, noise, thermo-conditions, 
and static and elctromagnetic fields and the sick building 
syndrome or related health problem is below.
1.3.3.1 Lighting
Lighting has the potential to affect health and comfort by 
reason of its average intensity, glare, flicker and spectral 
quality. Visual environments which fall outside the generally 
accepted design recommendations for parameters such as 
illuminance or glare are those most likely to lead to 
unsatisfactory conditions. Poor lighting and glare are known to 
contribute towards eye strain and headache. Surveys of indoor 
working environments have often elicited complaints about the 
lighting, with day lighting(Markus 1967).
Illumination, the quality of light falls on a surface and 
is measured in lux at the working plane. The recommended level 
of illumination varies depending on the task being carried out, 
350 - 500 lux(BS7179). Normally, an illumination of 500 lux is 
common in commercial offices. The basic lighting calculation for 
office designs uses the surface reflections of walls, ceiling and 
floor and the illuminance is therefore a function of the colour 
and finish of the surfaces.
There have been some studies in recent years on lighting and 
sick building syndrome symptoms. They are summarised in Table 1-
11.
Fluorescent bulbs have some ultra-violet, which is one of the
basic causes resulting photochemical smog. Although there is a 
possibility in theory that photochemical smog could happen in
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building, the source of ultra-violet from fluorescent bulbs is 
not strong enough, and both hydrocarbon compounds and temperature 
can hardly reach the levels required for photochemical reaction 
to form photochemical smog; and the actual possibility of 
photochemical smog is therefore extremely small.
Table 1-11. Some studies on lighting and SBS symptoms.
Reference Studv Method Comments
Collins et al. 1989, 912 work stations, photocopiers Occupants responses: lower scores on the visual health index were correlated to lower scores on lighting quality index; people working with daylight were more satisfied than those with artificial light.
Robertson et al. 1987, 1989.
Naturally ventilated and A/C buildings
General dislike of fluorescent lighting; more symptoms with people in A/C buildings in which windows were smaller and illumination were low(with 50% < 500 lux).
Wallace et al. 1991b. 3 buildings. Glare was one of the main variables correlated to symptoms of headache, eye symptoms, fatigue and difficulty concentrating.
Wilkins et al. 1989. lOOHz and 32kHz fluorescent tubes High frequency tubes reduced more than 50% of the incidence of headache and eye strain.
Wilson et al. 1987a,b. Open-planed offices A/C buildings
People with most symptoms were in offices that were poorly illuminated; lighting level was low, glazing was tinted.
In summary, the buildings where the greatest number of the 
symptoms associated with sick building syndrome are found tend 
to have relatively little daylight. A number of studies of
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windowless buildings have found similar symptoms among the 
occupants. These symptoms are also akin to those appearing under 
conditions of perceptual deprivation. There is, however, some 
difficulty in separating the effects of lighting conditions from 
the effects of other building characteristics. Although there is 
no strong evidence that lighting is a major cause of sick 
building syndrome, it could be one of the lesser contributory 
factors. The symptoms associated with sick building syndrome are 
wide ranging and it is difficult to see how lighting could 
influence some, such as dry throat or runny nose, however others 
such as headache and eye strains are more easily associated with 
the lighting conditions.
1.3. 3.2 Noise
In addition to people talking in an open-planed air- 
conditioning office, the sources of noise are printers, 
photocopiers, personal computers and other electrical and 
electronic office equipment. Noise is considered as one of the 
potential causes of sick building syndrome because of its 
capacity of causing annoyance, distraction, tiredness and 
headaches. However, the mechanism of determination is complex, 
depending on intensity, spectrum, temporal characteristics, 
perceived source and the necessity of the noise, all tempered by 
considerable inter-individual variation. Thus, evidence that 
'sick' buildings are more noisy than 'healthy' ones must be 
considered with careful analysis. For example, noise from air- 
conditioning systems may cause more problems that the intensity 
would lead us to predict because it is perceived to be an imposed
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and unnecessary noise, nothing to do with the work being carried 
out. It is unlikely that noise is a major determinant of sick 
building syndrome symptoms, (most of which are irritations of 
mucous membranes), except as a contributor to the total 
environmental load on office workers, or a stressor exacerbating 
the 'general symptoms', i.e. headache, lethargy, and lack of 
concentration.
There is no direct evidence for the role of noise in sick 
building syndrome; many 'healthy' buildings are at least with 
similar noise levels to that in 'sick' buildings, but with few 
reports of sick building syndrome symptoms. Noise may, however, 
contribute to overall stress levels among workers and thus 
exacerbate complaints. There is also no direct evidence of high 
levels of infra-sound in 'sick' buildings, and surveys have 
failed to find any adverse physiological or psychological effects 
of infra-sound in buildings.
1.3.3.3 Thermo-conditions
Thermo-condition means mainly temperature. However relative 
humidity(RH), air movement are also related to thermo-condition. 
At one temperature, but different relative humidity and velocity 
of air movement, an individual feels different. In office or non­
industrial work environments, temperatures variate in a small 
range, which it is likely to cause discomfort, which, in turn, 
may be a potential contributor to SBS.
In the UK, the recommended standards for thermal conditions 
in office environments are between 19° - 23°C, and the difference 
between floor and sitting head height should not be more than
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5°C(BS7179).
One recent study conducted by Sega et al.(1993) found that 
air temperature and average irradiation temperature of 
surroundings(mean=27. 8 range= 21.5 - 31.5°C) were high; and 
the authors thought that the air velocity was low(mean=0.105m/s, 
range = 0.008 - 0.278 m/s). These factors were related to feeling 
of thermal discomfort.
Leena and co-workers(1993) studied 109 office workers, and 
their results showed that room average temperature was related 
to individual daily symptom scores in a multiple linear 
regression model. Linear increase in symptoms was related with 
temperature(21°C - 25°C),
Skov and colleagues(1990) found that temperature(mean = 
2f.5°C, range = 19.9 - 24.3°C) and relative humidity(mean = 33%, 
range=25 - 40%) were associated to prevalence of symptoms among 
215 office workers in 76 buildings in multivariate logistic 
regression analysis.
Abbritti et al. (1990) found that in an air-conditioned 
building, office workers had a significantly higher rates of 
perception of high temperature and low relative humidity than 
those in naturally ventilated building, and these uncomfortable 
feelings were significantly related to SBS symptoms.
1.3.3.4 Electromagnetic Fields
People are working and living in environments where there 
is a variety of electrical appliances and electronic equipment 
powered with electricity. An electrical charge produces 
electrical field, and a moving electrical charge also produces
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magnetic field. Both electrical fields and magnetic fields have 
certain effects on biological systems and health(NRPB R239 1991). 
It is not clear whether exposure to low level of electromagnetic 
fields could affect health. Rea and co-workers has demonstrated 
that weak electromagnetic fields trigger chemically sensitive 
patients' symptoms, and in particular those sensitive to 
electromagnetic fields(Rea et al. 1991, and also see section 1.4 
and Chapter 6). Electromagnetic fields are therefore considered 
as a potential cause of indoor health problems, which may be 
related to sick building syndrome. The details of the biological 
effects and possible health effects of electro-magnetic fields 
are discussed in Chapter 6.
1.3.4 Building Design
The buildings which have problems usually have some 
characteristics in building design, and these characteristics can 
be classified into two groups, one is the outward appearance of the 
buildings and the other is inner design. In addition, the 
buildings with problems are usually operated by public sectors.
The outward appearance include tight building, particularly 
those air-conditioned building, large proportion of glazing(of 
which some are tinted glass); and the inner design include open 
plan office, partitioned work area/work station, and artificial 
materials in decoration{for example, wall papers, fabrics, cover 
of partitions, carpets, and ceiling panels).
People in tight buildings usually do not have local control 
of ventilation. It is noisy in open plan offices because of 
people talking, and office machines such as computer, telephone.
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printer and photocopier. Open plan offices are often large in 
size and people working in centre are too far from windows to get 
natural light. Use of large quantity of artificial materials in 
office decor has the potential danger in releasing volatile 
organic compounds. Building design may therefore be contributing 
factors to the sick building syndrome, see Table 1-12(Wilson and 
Hedge 1987).
1.4 Chemical Sensitivity
In addition to the epidemic of office workers' complaints, 
there have been more people claiming sensitivities to chemicals 
to which they are exposed. These are cases of chemical 
sensitivity(CS, Rea 1992), or multiple chemical sensitivities 
(MGS, Ashford et al. 1991, Cullen et al. 1989). Chemical 
sensitivity or multiple chemical sensitivity is of increasing 
concern because people complain of symptoms when they are exposed 
to low levels of chemicals in indoor air, consumer products, 
food, water, the outdoor environment, and car exhaust etc. 
chemical sensitivity is a poorly understood clinical syndrome 
characterized by recurrent symptoms, often in multiple organ 
systems. It develops in response to a variety of chemicals at 
exposure levels significantly lower than that would cause 
reaction in the general population.
Chemical sensitivities are found in both sexes and at all 
ages, office workers(tight building occupants), nurses in 
hospital, industrial workers(acute and chronic exposure to
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industrial chemicals), those living in contaminated communities 
(Ashford 1991). This seems therefore that anybody can be with 
chemical sensitivity.
At present, sufficient evidence is not available to satisfy 
the most sceptical critic that chemical sensitivity exists as a 
physical entity. Some points of view on chemical sensitivity are 
speculation. However, there is a difference between constructing 
rational hypotheses concerning the existence of chemical 
sensitivity based on all the evidence and engaging in unfounded 
conj ecture.
Like sick building syndrome, the causes of chemical 
sensitivity are not well understood. There is one thing clear - 
a history of exposure to chemicals, certain foods, and biological 
organisms either in the home, or at work. But the physiological 
and biochemical mechanisms of chemical sensitivity are little 
understood although it is speculated that the mechanisms are 
related to immunological hypersensitivity, or the enzyme systems 
for detoxification(Ashford et al. 1991, Rea 1992).
The spectrum of the symptoms complained of by patients is 
different from that of sick building syndrome; it may involve 
several systems including central nervous system, respiratory 
system, and cardiovascular system. However most symptoms are also 
subjective, so it is difficult to understand the mechanisms of 
chemical sensitivity.
There are also some studies with negative results(Wandell 
1993, Tollefson 1993, Staudenmayer et al. 1993). The later 
authors, for example, failed to demonstrate positive responses 
of 2 0 chemical sensitivity patients to a variety of chemicals in
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a study of double-blinded provocation chamber challenges.
There is an important point in the concept of chemical 
sensitivity, i.e. some patients with chemical sensitivity also 
have a sensitivity to electromagnetic fields(EMF). 
Electromagnetic fields are also triggering variables like 
chemicals in the air, food etc. This phenomenon that people are 
sensitive to electromagnetic fields is called as electromagnetic 
sensitivity(EMS, Rea 1992).
With the advance of science and technology, people are using 
more and more electrical and electronic equipment and appliances, 
which produce a variety of electromagnetic fields or 
radiations(EMR) at different frequency and strengths. 
Electromagnetic fields do have biological and health effects 
at higher strengths. Although the biological and health effects 
of exposure to weak electromagnetic fields are unconclusive 
(IRPA 1989, NRPB R239, 1991), there have been reports 
that low level electromagnetic fields affect peoples' health, and 
particularly those claiming of being sensitive to EMF(Rea el al. 
1991, Bell et al. 1989, Smith and Best 1990). The details of
electromagnetic fields and their health and biological effects 
will be discussed in Chapter 6.
1.5 Cost
A  significant proportion of office workers appear to be 
affected. Sick building syndrome is recognized as an important 
category of occupational health problems although direct evidence 
is limited. Extreme cases leading to building closure and fatalities 
are extremely rare. The health effects of sick building
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syndrome on people is not life threatening or chronically 
disabling.
The direct cost of sick building syndrome would be composed 
of reduced staff efficiency while the staff are actually working 
and increased sickness absence. Raw and colleagues(1990) re­
analyzed the data from the 'Office Environment Survey' (Wilson et 
al. 1987b), and found a strong linear relationship between the 
number of symptoms reported and productivity.
Data on the relationship between sick building syndrome 
cases and sickness absence has been difficult to obtain or 
interpret.
Broder et al.(1990) carried out a simultaneous questionnaire 
and environment survey among 179 workers in 3 buildings. The 
symptoms included were eye, nose, throat and skin irritation, 
headache and lethargy, difficulty in concentration, and also 
problems with breathing, gastrointestinal problems, cough, sputum 
and dizziness, which are not generally regarded as sick building 
syndrome symptoms. Given this extended list of symptoms, it is 
not surprising that the number of symptoms was correlated with 
day absence. In order to control for extraneous factors, 
Robertson et al. (1990) compared sickness absence before and after 
a change of workplace, thereby using each worker as his/her own 
control. Sickness absence was measured by number of spells and 
number of days, taken from actual staff absence records, and 
categorised by reason for absence, depending on the likelihood 
that the reason for absence could be directly related to sick 
building syndrome. However, absence for any reason could be 
indirectly related since uncertified sick leave may be more
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likely to be extended if the workplace is less attractive to 
return to.
The combined effect of sick building syndrome on 
productivity, absence from work and staff turnover is likely to 
have a considerable economic impact. There are no definitive UK 
national figures for the costs, or ever for the number of 
buildings which could be classified as sick. The Building 
Research Establishment has performed calculations for the cost 
in one particular building in which the 2,500 occupants reported 
sick building syndrome symptoms at well above average rats(Raw 
1992).
The calculations are based on estimates of 1 day per person 
per year being lost (through reduced productivity and increased 
official and unofficial time lost) and one hour per month per 
person being used for making or dealing with complaints. This 
amounts to a little over 1% of staff time. No allowance was made 
for staff turnover since there was no information available on 
the turnover which could be attributed to sick building syndrome. 
At 1990 rates of pay, the cost came to approximately £400,000 for 
the one building. (Based on this estimate, and an estimate of the 
proportions of buildings likely to be affected, the House of 
Commons Environment Committee-1991, calculated that the cost to 
the British Economy could be between £350 million and £650 
million.) This particular building has considerably above the 
average level of sick building syndrome and there is in any case 
considerable scope for error in generalising from one building. 
However, it is easy to see that the cost could run into millions 
of pounds annually for the UK.
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In the United States, Axelrad(1989) has addressed three 
major types of economic costs; material and equipment damages, 
direct medical costs and cost productivity. A qualitative 
estimate of the economic costs from medical visits, sick days 
lost and productivity losses of white collar workers due to 
indoor air pollution was of the order of half a billion dollars 
per year whilst the estimated national annual cost of 
productivity losses associated with major illnesses caused by 
indoor air pollution ranged from $4.7 billion to $5.4 billion for 
new cases annually. He also suggested that productivity losses 
may be of the order of tens of billions of dollars per year. The 
cost estimates presented are said to be subject to great 
uncertainty and to be incomplete. The effects of indoor air 
pollution on indoor materials are a separate issue which is 
discussed in some details by the US EPA(1987) . Damage may include 
corrosion of electronic components and electrical current leakage 
which may eventually result in equipment.
In summary, no matter the causes of sick building syndrome 
are clear. Its economic cost enable sick building syndrome to be 
an important category in the list of occupational health problems 
in a variety of indoor environments.
1.6 Summary
In summary, the sick building syndrome is a syndrome 
occurring among workers in a variety of non-industrial indoor 
environments, with the characteristics of mucous membrane 
irritation symptoms, and that females and clerical workers have 
more symptoms. The affected building are usually tight buildings,
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especially those with air-conditioning systems, large proportion 
of tinted glazing, open plan offices in inner design, and used 
by public sectors.
There are several terms related to sick building syndrome, 
and most of them are defined on the basis of the manifestations 
of the problem, including the characteristics of symptoms and 
buildings.
The causes of sick building syndrome are not well 
understood, and thought to be multifactorial. The important ones 
are indoor air pollution by chemicals, particularly VOCs; 
ventilation problems in either design or maintenance, 
organizational(for related) factor and building design. Physical 
factors are increasingly being considered to be among the 
important causes of the sick building syndrome.
The aim of this study is to look into the effect of 
environmental tobacco smoke exposure on the sick building 
symptoms, and the possible link between chemical sensitivity and 
electromagnetic sensitivity.
This study will include two parts. Part one will focus on 
the relationship among environmental tobacco smoke exposure, 
building ventilation systems, smoking, occupational factors such 
as daily job, work organization operation and sick building 
syndrome symptoms complained of by office workers; and part two 
will investigate the effect of electromagnetic fields on chemical 
sensitivity patients in order to provide a possible link between 
chemical sensitivity and electromagnetic sensitivity.
PART ONE
ENVIRONMENTAL TOBACCO SMOKE 
AND THE SICK BUILDING 
SYNDROME
2. ENVIRONMENTAL TOBACCO SMOKE AND THE SICK 
BUILDING SYNDROME
2.1 Introduction
Environmental tobacco smoke(ETS) is so important in causing 
indoor air problems that many researchers have focused on it to 
look into its role in the development of the sick building 
syndrome(Melius 1984, Finnegan 1984, Skov et al. 1987, Burge 
1987, and Robertson et al. 1987, Hedge et al. 1993a, Raynal et 
al. 1993). The reasons for this are, firstly, environmental 
tobacco smoke is an ubiquitous source of indoor air pollutants. 
Environmental tobacco smoke exists in indoor environments from 
offices to homes, and almost all public places so there are many 
opportunities for people to be exposed to environmental tobacco 
smoke. Secondly, more than 4,500 compounds have been identified 
in burning tobacco smoke. Environmental tobacco smoke 
constituents are so complicated that most of the common indoor 
pollutants are found in environmental tobacco smoke, for example, 
CO, VOCs, formaldehyde, particulates, nitrogen oxides (NO,) and so 
on. Thirdly, some health effects of these pollutants are similar 
to those of the sick building syndrome such as mucous membrane 
irritation, and odour etc. These are reasons why therefore 
environmental tobacco smoke can be considered as one of the 
potential causes of the sick building syndrome.
Environmental tobacco smoke is divided into two categories: 
Mainstream Smoke(MS) and Sidestream Smoke(88) because they are 
different from each other in quality and quantity. Mainstream
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smoke is the aerosol drawn into the mouth of a smoker from a 
cigarette, cigar, or pipe. Sidestream smoke is the aerosol 
emitted in the surrounding air from a smouldering tobacco product 
between puff-drawing. In addition, some volatile components such 
as CO diffuse through cigarette paper and contribute to 
environmental tobacco smoke, normally this part is considered as 
sidestream smoke. A part of mainstream smoke is named as waste 
smoke(WS) by some authors(Roe 1991, Weetman 1992). Waste smoke 
is the part of mainstream smoke escaped from the mouth and nose 
without being taken into the lungs, waste smoke is different in 
chemistry from mainstream smoke expired from the lungs of smokers 
since the chemicals in waste smoke are less absorbed by the mouth 
and nosal mucous membrane than that in mainstream smoke absorbed 
by the lungs and lower respiratory tracts. To a certain degree, 
waste smoke is more similar to the mainstream smoke generated by 
smoking machine than the real mainstream smoke.
Tobacco smoke aerosols are diluted with air by the time they 
are inhaled as environmental tobacco smoke air pollutants. 
Furthermore, the physical characteristics and chemical 
composition of environmental tobacco smoke change as the 
pollutants 'age'. For example nicotine is volatilized; particle 
sizes decrease; nitrogen oxide gradually oxidizes to nitrogen 
dioxide; various components of the ambient air can be adsorbed 
on the particles; and other physicochemical changes can occur.
2.2 Physicochemical Characterizations of ETS
Environmental tobacco smoke is a mixture of exhaled 
mainstream smoke and sidestream smoke. The mainstream smoke is
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the gases, vapours, and particles sucked from the 'mouth end' of 
a cigarette, cigar or pipe. Sidestream smoke refers to the 
emissions from the smouldering end of a cigarette. What makes the 
difference in some physical and chemical characterizations 
between mainstream smoke and sidestream smoke is the burning 
temperature. The temperature at which the mainstream smoke is 
produced is higher than that of sidestream smoke.
2.2.1 Mainstream Smoke
The burning cone of the tobacco may reach a temperature of 
900°C. At this temperature, nitrogen(Ng) in the air dissociates 
to atomic nitrogen. In the cooling gas, atomic nitrogen reacts 
to form nitric oxide(NO) and nitrogen dioxide(NOg) , hydrogen 
cyanide (HCN) , and highly carcinogenic N-nitrosamines (Hoffman and 
Brunneman 1983, US DHHS 1986), Numerous other compounds are also 
formed at the same time.
2.2.2 Sidestream Smoke
The combustion condition is such that the cone burning 
temperature may drop to as low as 60 0°C as the cigarette 
smoulders, and temperatures down to around 400°C a few 
millimetres from the cone. So the sidestream smoke contains more 
combustion products that result from oxygen deficiency and 
thermal cracking of molecules than does mainstream smoke. In 
addition, sidestream smoke formation involves generation of 
higher amount of compounds from nitrosation reactions. 
Approximately half of the tobacco is consumed during smouldering 
and remainder during active puffing.
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Of a blended American cigarette, the pH of the mainstream 
smoke ranges from 6.0 to 6.5, whereas the pH of sidestreara smoke 
is 6.7 to 7.5. Above a pH of 6.0, the proportion of unprotonated 
nicotine in undiluted smoke increases; therefore, sidestream 
smoke contains more free nicotine in the gas phase than 
mainstream smoke. Table 2-1(NRG 1976) summarises the main 
physicochemical characteristics of fresh, undiluted mainstream 
smoke and sidestream smoke from a nonfilter cigarette under
Table 2-1. Main physicochemical characteristics of MS and SB.
Gharacteristics MS SS
Duration of smoke production(second) 20 550
Tobacco burned(mg) 347 411
Peak temperature during formation(°C) 900 400
pH 6,0-6.5 6.7-7.5
Number of particles 10.5*10^ 3.5*10^
Particle size(pm) 0.1-1.0 0.01-0,8
Particle mean diameter(pm) 0.4 0.32
Gas concentration(vol.%)
Carbon monoxide 3.5 3.5
Carbon Dioxide 8-11 4-6
Oxygen 12-16 1.5-2
Hydrogen 3-15 0.8-1.0
Source: NRG 1976.
standard laboratory smoking conditions of one puff per minute, 
lasting 2 seconds and having volume of 35 ml. Mainstream smoke 
was collected directly from the end of a cigarette. Sidestream
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smoke was measured 4 mm from burning cone(gas temperature, |
350°C). ;
2.2.3 Environmental Tobacco Smoke Constituents
More than 4,500 compounds have been identified in 
environmental tobacco smoke. These emitted compounds are found 
in vapour (gas) and particulate phase, or in some cases both.
Volatile chemicals such as nicotine may evaporate from particles i
within seconds to minutes after emission. Vapour phase is that |
part of smoke which passes through a glass fibre Cambridge filter j
whereas the particulate phase is that part of smoke which is 
retained by a glass fibre Cambridge filter. Table 2-2(Spengler |
1991) summaries the principal compounds in environmental tobacco i
smoke. |
Table 2-1 shows the amount of tobacco burned during ,
sidestream smoke generation(411 mg) is a little more than that !
burned during mainstream smoke (374 mg) ; the ratio of SS to MS is 
about 1.2. But in Table 2-2 it can be seen that most other 
constituents' ratios of SS/MS are much greater than 1, many of 
them are dozens times greater than 1.0. The sidestream smoke is 
therefore a major source of environmental tobacco smoke.
2.3 Terminology
'Passive smoking', 'passive smoke', 'involuntary smoking' 
are widely used in the scientific literature to describe the 
inhalation by nonsmokers or smokers of tobacco smoke generated 
by other people. The terms are not synonymous with environmental
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Table 2-2. Distribution of Constituents in Fresh, undiluted Mainstream Smoke and Dilute Sidestream Smoke from Nonfilter Cigarettes*
Constituent
Vapour phase^
Carbon monoxide Carbon dioxide Carbonyl sulphide Benzene®TolueneFormaldehydeAcroleinAcetonePyridine3-Methylpyridine3-vinylpyridine Hydrogen cyanide Hydrazine*AmmoniaMethylamineDimethylamineNitrogen oxidesN-Nitrosodimethylamine*N-Nitrosodiethylamine®N-Nitrosopyrrolidine®Formic acidAcetic acidMethyl chloride
Particulate Phase^
Particulate matter®NicotineAnatabinePhenolCatecholHydroquinoneAniline2-Toluidine2-Naphthy1amine®4-Aminobiphenyl®Benz[a]anthracene®Benzo[a]pyrene*Cholesterolr-Butyrolactone®QuinolineHarman^N '-Nitrosonornicotine® NNK9N-Nitrosodiethanolamine®
Amount in MS
10-23 mg 20-40 mg 18-42 pg 12-48 pg 100-200 pg 70-100 pg 60-100 pg 100-250 pg 16-40 pg 12-36 pg11-30 pg 400-500 pg 32 ng 50-130 pg11.5-28.7 pg7.8-10 pg 100-600 pg 10-40 ngND^ - 25ng 6-30 ng 210-490 pg 330-810 pg 150-600 pg
15-40 mg1-2.5 mg2-20 pg 60-140 pg 100-360 pg 110-300 pg 360 ng 160 ng 1.7 ng4.6 ng 20-70 ng 20-40 ng 22 pg 10-22 pg 0.5-2 pg1.7-3.1 pg 200-3,000 ng 100-1,000 ng 20-70 ng
Range of ratio in SS/MS
2.5-4.7 8-110.03-0.135-105.6-8.3 0.1-»50 8-152-56.5-203-13 20-40 0.1-0.25 340-1704.2—6.43.7-5.14-10 20-100 <406-301.4-1.61.9-3.61.7-3.3
1.3-1.9 2•6—3•3 <0.1-0.51.6-3.0 0.6-0.9 0.7-0.9 30 1930312-42.5-3.5 0.93.6-50 8-11 0.7-1.7 0.5-3 1-4 1.2
continued
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......  continued Table 2-2.
Constituent Amount in MS Range of ratioin SS/MS
Cadmium 100 ng 7.2Nickel* 20-80 ng 13 - 30Zinc 60 ng 6.7Polonium-210® 0.04-0.1 pCi 1.0 - 4.0Benzoic acid 14-28 pg 0.67-0.95Lactic acid 64-174 pg 0.5 - 0.7
Source: Spengler 1991.
* Diluted SS is collected with airflow of 25ml/s, which ispassed over the burning cone. Data from Elliott and Rowe(1975); Schmeltz et al (1979); Hoffman and Brunnemann (1983), Klus and Kuhn (1982), Sakuma et al (1983, 1984a, 1984b); Hiller et al (1982). ^ Separation into vapour and particulate phases reflects conditions prevailing in mainstream smoke and does not necessarily imply same separation in sidestream smoke.® Human carcinogen (U.S. DHHS 1986).* Suspected human carcinogen(U.S. DHHS 1986).® Animal carcinogen (Vainio, Hemminki and Wilbourn 1985).* l-Methyl-9H-pyrido(3,4-B)-indole.® NNK = 4- ( N-methyl-N-nitrosamino ) -1- ( 3-pyridyl ) -1-butanone.  ^ Non-detectable.
tobacco smoke exposure so they do not adequately describe 
environmental tobacco smoke, or people's exposure to it. Passive 
smoking for example encompasses the exposure of the foetus to 
smoke components as a consequence of smoking by the mother. This 
amounts to indirect exposure to mainstream smoke as distinct from 
involuntary exposure to environmental tobacco smoke. In so far 
as the composition of environmental tobacco smoke is quite 
different from that of mainstream smoke, it is not correct to 
refer to exposure to environmental tobacco smoke as 'involuntary 
smoking' because 'involuntary smoking’ is emotive whereas 
'exposure to environmental tobacco smoke' is scientifically 
correct and allows environmental tobacco smoke to be seen as just 
one of many sources of pollution of indoor air. However
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involuntary smoking is still used referring to the environmental 
tobacco smoke exposure of nonsmokers, relative to smokers. 
Therefore the meaning of passive/involuntary smoking is context 
dependent.
2.4 Exposure to Environmental Tobacco Smoke
Environmental tobacco smoke is a complex mixture of gases 
and particles which contains a variety of chemicals(Table 2-2} . 
Tobacco smoking increases levels of total suspended particulate, 
nicotine, polycyclic aromatic hydrocarbons, carbon monoxide, 
acrolein, nitrogen dioxide, and many other pollutants.
It is difficult to assess the environmental tobacco smoke 
contribution to exposures because environmental tobacco smoke 
usually exists in a complex mixture of contaminants from other 
sources. It is not practical or possible to monitor the full 
range of air contaminants associated with environmental tobacco 
smoke, even under laboratory conditions.
The extent of exposure to environmental tobacco smoke is 
dependant on many factors, the important two are the 
concentrations of environmental tobacco smoke and the peoples'
'time-activity' patterns which is the exposure opportunities. The 
environmental tobacco smoke concentration, in turn, is determined 
by:
a. source strength - the number of smokers and the intensity 
of smoking;
b. the indoor space volume; and
c. the ventilation rate and the use of air cleaning devices 
such as the air filter in the air-conditioning system.
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Environmental tobacco smoke exposure also varies with the 
time-activity pattern, the distribution of time spent in 
different locations. Time-activity patterns may heavily weight 
exposures in particular environments for certain groups of 
individuals. For adults residing with nonsmokers, the workplace 
may be the principal location at which exposure takes place. On 
the other hand, for an adult working in an environment where 
smoking is not allowed, his/her major exposure to environmental 
tobacco smoke may be at home.
Table 2-3 shows some environmental tobacco smoke components 
in different indoor environments. These chemicals are only a 
small part of the chemicals in Table 2-2. Of large number of 
compounds identified in environmental tobacco smoke, many of them 
are proved to be harmful to human health. The range of chemicals 
to which people are actually exposed in environments containing 
environmental tobacco smoke could be much more than that listed 
in Table 2-3 and Table 2-2.
At present, the common methods used to assess the exposure 
to environmental tobacco smoke are :
• using markers of ETS;
• using questionnaires;
• using biological markers; and
• estimating exposure-dose relationship.
Several components of cigarette smoke have been measured in 
indoor environments as markers of the contribution of tobacco 
combustion to indoor air pollution. They are particles(total 
respirable particles or respirable particles) , CO, nicotine, NOj
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Table 2-3. Some ETS components in different indoor environments.
Comnonent Environment Level Referenced
Acrolein Room 18 smokers 0.19mg/m^ Badre et al, 1978
Benzene Room 18 Smokers Q.llmg/m^ Badre et al. 1978
Benzene New Jersey homes smokers 16pg/m^ Wallace 1987a overnight
Benzene New Jersey homes nonsmokers 8.4pg/m^ overnight
CO 68. Im^  test room with 2-6 smokers 26-32.5pg/m^ Hugod et al. 1978
CO Office 3.25mg/m^ 2-to 3-min samples Chappell and Parker 1977
CO Night club 16.9mg/m^ 2-to 3-min samples Chappell and Parker 1977
Nicotine Restaurant 5.2]jg/m^  2,5-h samples Hinds and First 1975
Nicotine Train 6.3pg/m^ 2.5-h samples Hinds and First 1975
Nicotine Cafeteria 26.4 pg/m^ Muramatsu 1984
NO; Office 45 pg/ra^  Weber&Fischer 1980
Particles Cocktail party 351 pg/m^ Repace&Lowrey 1980 15-min sample
Particles Bowling alley 202 pg/m^ 20-min sample
Particles Bar 334 pg/m^ 26-min sample
Particles Residence > 2 smokers 70 pg/m^ 24-h sample Spengler 1981
Particles Residence, 1 smoker 37 pg/m^ 24-h sample
Nicotine Residence, cigarette smoking 3.4pg/m^ 14-h sample Henderson 1989
Nicotine Residence, no cigarette smoking 0.3 pg/m^ 14-h sample
Source: Adapted from Samet et al. 1991,
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and some other toxic agents. A marker of tracer for quantifying 
environmental tobacco smoke concentration should be:
• unique or nearly unique to the tobacco smoke so that other 
sources are minor in comparison;
• a constituent of the tobacco smoke present in sufficient 
quantity such that concentrations of it can be easily 
detected in air, even at low smoking rates;
• similar in emission rates for a variety of tobacco 
products; and
• in a fairly consistent ratio to the individual contaminant 
of interest or category of contaminants of interest(e.g., 
suspended particulates) under a range of environmental 
conditions encountered and for a variety of tobacco 
products.
While a variety of measures have been used as proxies or 
tracers of ETS, no single measure has met all the criteria 
outlined above, nor has any measure been universally accepted or 
recognized as representing environmental tobacco smoke exposure.
2.4.1 Particulates
Particles have been measured most often because both 
sidestream and mainstream smoke contain high concentration of 
particles in the respirable size range(NRC 1986, US DHHS 1986) . 
Both chamber and field studies have demonstrated that tobacco 
combustion has a major ■ impact on the mass of suspended 
particulate matter in occupied spaces in the size range less than 
2.5jLtm, defined in these reports as respirable suspended 
particulates(RSP). Suspended particulate mass is a major
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component of environmentally emitted tobacco smoke. Even under 
conditions of low smoking rates, easily measurable increases in 
RSP have been recorded above background levels. However 
particulates are a non-specific marker of tobacco smoke 
contamination, because numerous sources other than tobacco 
combustion add particles to indoor air. Studies of levels of ETS 
components have been undertaken largely in public buildings; 
fewer studies have been in homes and office environments(NRC 
1986, US DHHS 1986).
Spengler and colleagues(1981) conducted a survey of more 
than 80 homes in six U.S. cities. 24-hour gravimetric sample were 
collected every sixth day for up to 2 years in stationary 
samplers in each home and outdoors. The results showed that homes 
without smokers had RSP levels roughly equal to outdoor levels 
and followed outdoor trends. Using regression analysis, the 
authors estimated that the impact of overall average RSP levels 
in a residence of a pack-per-day smoker was approximately 20 
jug/m^ . The impact of smoking in a home with central air 
conditioning was effectively doubled, presumably due to reduced 
air exchange. Table 2-4 presents the range of RSP levels measured 
in some indoor environments for smoking and nonsmoking 
occupancies, and outdoor as control.
2.4,2 Carbon Monoxide
Carbon monoxide, like particulate matter, is measured very 
often as a non-specific marker of environmental tobacco smoke. 
However, under steady-state conditions in chamber studies, where 
outdoor CO are known and the tobacco brands and smoking protocols
CHAPTER TWO 71
constant, CO can be a reasonably reproducible indicator of 
environmental tobacco smoke exposure. Similarly, in areas where 
heavy smoking is experienced, and where other sources of CO do 
not exist, CO may provide a rough measure of ETS exposure because 
the CO produced by the tobacco combustion is dominant. On the 
other hand, it is difficult to factor the contribution of CO from 
environmental tobacco smoke in any specific, uncontrolled 
situation since chamber and field studies have indicated that, 
under realistic smoking conditions that would be encountered in 
residences or offices, the typical smoking and ventilation rates 
would produce CO levels well within the levels observed in the 
outdoor air or in the indoor air generated from indoor sources, 
such as kerosene heaters, gas stoves, etc. Table 2-5 summarizes 
the levels of CO in occupied public and nonindustrial 
occupational indoor spaces resulting from environmental tobacco 
smoke.
2,4.3 Nitrogen Oxides
In freshly generated tobacco smoke, nitric oxide is 
gradually oxidized to nitrogen dioxide. The estimated half-life 
of nitric oxide is 10-2 0 minutes, depending on the degree of air 
dilution. Nitric oxide is a major component of environmental 
tobacco smoke. NOg is an oxidant gas that is soluble in tissues. 
Oxidant injury has been postulated to be the principal mechanism 
through which NOg damages the lung(Mustafa and Tierney 1978). At 
high concentrations, NO^  causes extensive damage in both humans 
and animals(NRC 1976) . Definite health effects from chronic 
exposure to the lower levels of gas cooking and other indoor
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sources cannot be made at present. Although many studies have 
examined respiratory illnesses, respiratory symptoms, and lung 
faction in children and adults(Melia 1977, 1979, Florey 1979;
Melia 1982, 1983, Ogston 1985; Speizer 1980a, 1980b; Ekwo 1983; 
Dockery 1987) , their results are not consistent and are not 
adequate for establishing a causal relationship. The common 
levels of NOg in some indoor environments are shown in Table 2-6. 
This shows concentrations of nitric oxide and nitrogen dioxide 
in smoke-polluted environments and indicates means ranging from 
9 to 195 ppb for nitric oxide and 21 to 76 ppb for nitrogen 
dioxide. The peak level of NO could be 414 ppb. Generally, the 
nitrogen oxide values reported in Table 2-6 are significantly in 
excess of those observed for outdoor atmospheres. However, some 
severe air pollution episodes in industrial areas have reportedly 
caused levels of 100 ppb, which persisted over several hours or 
even for several days(Goldsmith and Friberg 1977). As a 
constituent of the respiratory environment, nitrogen dioxide 
conceivably contributes to endogenous nitrosation, which leads 
to the presence of nitrosamines in exposed subjects. Whereas it 
has been clearly demonstrated that inhaled cigarette smoke 
increases the endogenous formation of N-nitrosamines(Hoffman and 
Brunnemann 1983, Ladd et al. 1984, Lu et al. 1986, Tsuda et al. 
1986), the endogenous formation of N-nitrosamines in nonsmokers 
exposed to environmental tobacco smoke has so far not been 
demonstrated(Brunnemann et al. 1984).
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2.4.4 Nicotine
Tobacco is the only known source of nicotine, so nicotiana 
alkaloid is a specific indicator for tobacco smoke pollution. 
Nicotine concentrations in smoke-polluted rooms were generally 
found to be 5-50 /xg/m^  and much higher (up to 500 /xg/m^ ) in
heavily polluted environments(Table 2-7). In small interior 
compartments, such as automobiles, occupants who smoke tobacco 
have generated nicotine concentrations of 1,010 /xg/m^  (Badre et 
al. 1978).
2.4.5 Biological Markers
Biological markers of tobacco smoke exposure can be used to 
describe the prevalence and the dosimetry of the exposure of non- 
smokers to ETS and to validate questionnaire-based measures of 
exposure. In both active and passive smokers, the detection of 
smoke components or their metabolites in body fluids of alveolar 
air provides evidence of exposure to tobacco smoke, and levels 
of these markers can be used to gauge the intensity of exposure. 
The risk of involuntary smoking has also been estimated by 
comparing levels of biologic markers in active and non-smokers 
exposed to ETS.
At present, the most sensitive and specific markers for 
tobacco smoke exposure are nicotine and its metabolite, 
cotinine(Jarvis and Russell 1984; NRC 1986; US DHHS 1988).
Neither nicotine nor cotinine is present in body fluids in 
the absence of exposure to tobacco smoke. Because the circulating 
half-life of nicotine is generally shorter than two 
hours(Rosenberg et al. 1980), nicotine concentrations in body
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fluids reflect more recent exposures. In contrast, cotinine has 
a half-life in the blood or plasma of active smokers which ranges 
from less than ten hours to about forty hours (Kyerematen et al. 
1982, Benowitz et al. 1983, US DHHS 1988); hence, cotinine levels 
provide information about more chronic exposure to tobacco smoke 
in both active and passive smokers. Whether cotinine has the same 
half-life in plasma, saliva, and urine is presently
controversial, as is the choice of the optimal body fluid for
measuring cotinine for research purposes (Jarvis et al. 1988; 
Wall et al. 1988; Coultas and Samet 1990; Haley et al. 1989).
Cotinine is a specific and sensitive marker of environmental 
tobacco smoke exposure. However its reliability has not been 
confirmed since there have been studies indicating that cotinine 
levels in plasma and saliva have a considerable 
variations(Delfino et al, 1993).
Samet et al. (1991) summarized the studies of cotinine levels 
measured in different populations with the different conditions 
of exposure to environmental tobacco smoke. In the studies of 
adult nonsmokers, exposures at home, in the workplace, and in 
other settings determined cotinine concentrations in urine and
saliva. Cotinine levels paralleled self-reported exposure. The
cotinine levels in involuntary smokers ranged from less than 1 
percent to about 8 percent of cotinine levels measured in active 
smokers. Smoking by parents was the predominant determinant of 
the cotinine levels in their children. For example, Greenberg et 
al. (1984) found significantly higher concentrations of cotinine 
in the urine and saliva of infants exposed to cigarette smoke in 
their homes in comparison with unexposed controls. Urinary
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cotinine levels in the infants increased with the number of 
cigarette smoked during the previous twenty-four hours by the 
mother. In a study of school children in England, salivary 
cotinine levels rose with the number of smoking parents in the 
home{Jarvis et al. 1985).
Thiocyanate concentration in body fluids, concentration of 
CO in expired air, and carboxyhaemoglobin level distinguish 
active smokers from nonsmokers but are not as sensitive and 
specific as cotinine for assessing involuntary exposure to 
tobacco smoke (Hoffman et al. 1984a, 1984b; Jarvis and Russell 
1984) .
The results of studies on biologic markers have important 
implications for research on involuntary smoking and add to the 
biological plausibility of associations between involuntary 
smoking and disease documented in epidemiologic studies. The data 
on marker levels provide ample evidence that involuntary exposure 
leads to absorption, circulation, and excretion of tobacco smoke 
components. The studies of biologic markers also confirm the high 
prevalence of involuntary smoking, as ascertained by 
questionnaire(Coultas et al. 1987). The observed correlations 
between reported exposures and levels of markers suggest that 
questionnaire methods for assessing recent exposure have some 
validity.
Comparisons of levels of biologic markers in smokers and 
nonsmokers have been made in order to estimated the relative 
intensities of active and involuntary smoking. However, 
proportionality cannot be assumed between the ratio of the levels 
of markers in passive and active smokers and the relative doses
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of other tobacco smoke components. Nonetheless, several 
investigators have attempted to characterize involuntary smoking 
in terms of active smoking. For example, Foliart and colleagues 
(1983) measured urinary excretion of nicotine in flight 
attendants during an eight-hour flight and estimated that the 
average exposure was 0.12-0.25 mg of nicotine. Russell et 
al.(1985) compared nicotine levels in nonsmokers exposed to 
tobacco smoke with levels achieved following infusion of known 
doses of nicotine. On the basis of this comparison the 
investigators estimated that the average rate of nicotine 
absorption was 0.23 mg/h in a smoky inn, 0.36 mg/h in an 
unventilated smoke-filled room, and 0.014 mg/h from average daily 
exposure. In active smokers the first cigarette of the day 
resulted in absorption of 1.4 mg of nicotine.
2.5 Health Effects of Environmental Tobacco Smoke
The Report of the Surgeon General on Involuntary Smoking and 
Health (U.S. DHHS 1986), the Report by the National Research 
Council (NRC 1986) , and the Report of the Working Group on Passive 
Smoking (Spitzer et al. 1990) comprehensively reviewed the data 
on environmental tobacco smoke exposure; all reports concluded 
that involuntary smoking was a cause of disease in nonsmokers. 
In summary, the established and potential health effects of 
exposure to environmental tobacco smoke are :
Established;
• Increased lower respiratory infections in children;
• Increased respiratory symptoms in children;
• Reduced lung growth in children;
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• Increased lung cancer risk in nonsmokers;
• Irritation of the eyes, nose, throat, and lower respiratory 
tract.
Potential :
• Increased respiratory symptoms in adults;
• Reduced lung function in adults;
• Increased risk for developing asthma;
• Exacerbation of asthma;
• Increased risk for cardiovascular disease;
• Increased risk for non-respiratory cancers;
• Earlier age at menopause;
• Increase risk for sudden infant death;
• Reduced birth weight.
The main clinical manifestation of the sick building 
syndrome is mucous membrane irritation and ETS irritation effects 
will therefore be discussed in detail first, followed by other 
health effects.
2.5.1 Irritation and Odour
Tobacco smoke contains numerous irritants, including 
particulate material and gases. Both questionnaire surveys and 
laboratory studies involving exposure to environmental tobacco 
smoke have shown annoyance and irritation of the eyes and upper 
and lower airways from involuntary smoking. In several surveys 
of non-smokers, complaints about tobacco smoke at work and in 
public places were common. About 50 percent of respondents 
complained about tobacco smoke at work, and a majority was 
disturbed by tobacco smoke in restaurants. Experimental studies
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show that the rate of eye blinking is increased by environmental 
tobacco smoke, and so are complaints of nose and throat 
irritation. In the study of passive smoking on commercial airline 
flights, changes in nosal and eye symptoms were associated with 
nicotine exposure(Mattson 1989). The odour and irritation 
associated with environmental tobacco smoke merit special 
consideration because a high proportion of nonsmokers are annoyed 
by exposure to environmental tobacco smoke, and control of the 
concentrations in indoor air poses difficult problems in the 
management of heating, ventilating, and air-conditioning systems.
Experimental exposure of volunteer subjects has provided 
convincing evidence of the irritant effects of exposure to 
environmental tobacco smoke. Studies reviewed in the report of 
the Surgeon General(U.S. DHHS 1986) documented eye irritation 
through both objective measurements of blink rates and stability 
of the pre-corneal tear film and subjective reports. Symptoms of 
nose and throat irritation were also associated with 
environmental tobacco smoke exposure. More recent experimental 
studies have provided further data concerning the odour and 
annoyance associated with environmental tobacco smoke 
exposure(Senal 1991).
Although sense of odour is not fundamental to man as it does 
to many animals, it can trigger a variety of human physiological 
responses. The olfactory receptors are the ends of neurones, 
which terminate on the olfactory bulb. Some neurons are also 
relayed to an area of the brain called the limbic system. This 
part is related with basic functions, such as hunger drives, 
feeding and sexual behaviour, and the emotions of rage, fear and
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motivation. Limbic stimulation can also produce autonomic 
responses, particularly changes in heart rate, blood pressure, 
and respiration. Odour can therefore have a powerful effect on 
human physiological function and behaviour. Some odours can be 
pleasing and agreeable, whilst others are intensely dislike and 
even nausea or vomiting. A reaction may have become conditioned 
response to a previous bad experience. Annoyance may be more 
related to the odour of tobacco smoke than to any irritant 
properties. The annoyance response may be a emotional reaction 
triggered by the odour, modified by circumstances and 
surroundings(Hawkins 1991).
A number of chamber studies have examined irritation and 
odour from tobacco smoke(Weber et al. 1976, 1979a,b, 1984). The 
major findings are;
• ETS irritation varies with both concentration(with CO as 
marker of ETS) and time over long durations;
• The eyes are the most readily affected site for irritation 
with the nose second;
• Eye blinking rate is significantly correlated with 
estimates of eye and nose irritation when the level of ETS 
is high(CO is at least 6.5 mg/m^ ) ;
• Degree of annoyance reaches a steady state much more 
rapidly than irritation, presumably because odour 
contributes to annoyance;
• Degree of annoyance depend almost entirely on the gas phase 
of ETS. Filtration of the particles is followed by only a 
small reduction in annoyance;
Although the odour of environmental tobacco smoke can be
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postulated to come from its vapour phase and the irritation from 
its particulate phase, investigations that have employed 
electrostatic air cleaning have shown clearly that the gas phase 
accounts for most of the odour and irritation(Clausen 1986) .
2.5.2 Respiratory Symptoms and Illnesses in Children
Data from numerous surveys demonstrate a greater frequency 
of the most common respiratory symptoms, cough, phlegm, and 
wheeze in the children of smokers (U.S. DHHS 1986). In these 
studies the subjects have generally been school-children, and the 
effects of parental smoking have been examined. Thus, the less 
prominent effects of passive smoking, in comparison with the 
studies of lower respiratory illness in infants, may reflect 
lower exposures to environmental tobacco smoke by older children 
who spend less time with their parents. In a prospective cohort 
study, Ogston and colleagues(1985, 1987) investigated 1,565
infants in Scotland and found that the children had a 
significantly increased report of respiratory illness in their 
first year of life if either parent smoked (Relative Risk = 3.2) . 
Another large UK study(Somerville et al. 1988) found that 
parental smoking was associated with day or night cough in 
children aged five to eleven years. In the United States, Ware 
et al.(1984) who conducted a study of ten thousand children in 
six communities, found that smoking by parents increased the 
frequency of persistent cough in their children by about 3 0 
percent.
Epidemiologic investigations(Samet et al. 1991) have linked 
involuntary smoking in children to increased occurrence of lower
CHAPTER TWO 87
respiratory tract illness during infancy and childhood. 
Presumably these illnesses are infectious in etiology and do not 
represent a direct response by the lung to toxic components of 
environmental tobacco smoke. Investigations conducted throughout 
the world have demonstrated an increased risk of lower 
respiratory tract illness in infants with smoking parents. These 
studies indicated a significantly increased frequency of 
bronchitis and pneumonia during the first year of life of 
children whose parents smoke. Although the health outcome 
measures varied somewhat among the studies, the relative risks 
associated with involuntary smoking were similar, and dose- 
response relationships with the extent of parental smoking were 
demonstrable. Although most of the studies have shown that 
maternal smoking rather than paternal smoking underlies the 
increased risk, one study shows that paternal smoking alone can 
increase the incidence of lower respiratory tract illnesses(Yue 
Chen 1986).
For school-age children, parental smoking also increases the 
occurrence of chest illnesses. For example, a survey of 4,701 
children in Pennsylvania showed that the proportion of children 
having three or more of chest illnesses during the past year rose 
from 8.8 to 11.8 to 13.6 percent with none, one, and two smoking 
parents, respectively(Schenker 1983). This is similar to the 
later findings in other large surveys(Ware 1984, Somerville 
1988).
2.5.3 Respiratory Symptoms and Illnesses in Adults
Only a few cross-sectional investigations provide
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information on the association between respiratory symptoms in 
nonsmokers and involuntary exposure to tobacco smoke. These 
studies have only considered exposure to smoking spouse, and have 
not evaluated sources of exposure outside the home. Consistent 
evidence of an effect of passive smoking on respiratory symptoms 
in adults has not been found(Lebowitz 1976, Schilling 1977, 
Comstock 1981, Schenker 1981, and Kauffmann 1989).
2.5.4 Asthma
A number of studies have examined acute pulmonary responses 
of asthmatic patients to exposure to environmental tobacco 
smoke (NRC 1986) . Shephard and colleagues (1979) examined asthmatic 
persons to determine whether their response to environmental 
tobacco smoke exceeded that of normal subjects in a previous 
study. The subjects(9 men and 5 women; average age, 37 years) 
were exposed for 2 hours to machine-generated smoke(CO, 
31.2mg/m^). None of the patients had current respiratory 
infections, but some may have had associated chronic bronchitis 
or pulmonary emphysema. No significant alterations in dynamic 
lung volumes (FEV^ , V^ axso%^  and were detected when the
asthmatics responses to ambient air and cigarette smoke were 
compared. A small, but significant, decrease in total lung 
capacity(TLC) was noted, although pre-exposure TLC was slightly 
higher than that on the same exposure day (96.5% and 103.5% 
relative to ambient air TLC, respectively) . The lack of 
measurable change was interesting in light of a reported history 
of exacerbation of their respiratory illness with exposure to 
environmental tobacco smoke by four of the subjects. Acute
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symptomatic responses during the experimental study were similar 
to those seen in the investigators' previous study of normal 
individuals; however, more complaints of tightness in the chest 
(34% of subjects) and wheezing (36%) were made by asthmatic 
subjects. It was concluded that asthmatics did not have unusual 
measurable responsiveness to ETS in this study.
The findings of Dahms et al. (1981) contrast with those of 
Shephard et al. (1979) . The exposure in this study was less 
intense, i.e., 1 hour at CO levels of 19.5 - 26.0 mg/m^. The
patients were 16 to 39 years old, had mild impairment, and were 
on medication, except for the restriction that no bronchodilators 
might be used within 4 hours previous to the test. Five of the 
ten patients reported specific complaints when exposed to 
environmental tobacco smoke. When compared with control subjects, 
asthmatics showed significant pulmonary function changes 
following 1 hour of smoke exposure. FVC decreased 2 0% and FEV^  
declined 21.4% in the asthmatic subjects. These decreases are 
very large compared with the other studies. Based on a 0.40% 
increase in blood carboxyhemoglobin, the environmental CO 
concentration was calculated to be between 19.5 and 26.0 mg/m^ 
compared with approximately 31.2 mg/m^ in the Shephard et 
al. (1979) studies. Reasons for the discrepancy between the Dahms 
and Shephard studies are not clear, nor do Dahms et al. (1981) 
cite or discuss the earlier Shephard et al.(1979) findings.
Knight and Breslin(1985) evaluated six nonsmoking patients. 
The details of the subject population and exposure conditions 
were not specified. They measured a mean fall in FEV^ of 11% 
following exposure to ETS. Using a histamine inhalation test.
CHAPTER TWO 90
they found that the provocative concentration(or dose) that 
produced a 20% fall in FEV^  (PC^^EVi or PD^ oFEVi) decreased 
following exposure to ETS. This indicates an increased bronchial 
reactivity to histamine.
Wiedemann et al.(1986) evaluated nine asthmatic individuals 
(aged 19 to 3 0 years) with normal or nearly normal lung function 
for both lung function and airway reactivity following exposure 
to ETS. Six patients reported a history of reaction to ETS. These 
subjects, all of whom were off medication, were exposed for 1 
hour (CO between 52 and 65 mg/m^ ) . Their carboxyhemoglobin levels 
increased an average of 0.86% (p<0.001), FVC decreased 2%
(p<0.01), and FEVi declined 1% (not statistically significant).
Airway reactivity was assessed using a methylcholine challenge 
test. The PDzoFEV^  increased from 0.25 ± 0.22 on the day before 
exposure to 0.79 ± 1.13 postexposure(p<0.05), indicating a
decrease in airway reactivity following exposure. The authors 
consider that the magnitude of this decrease was small, and the 
clinical meaning of the change uncertain.
There are a number of possible reasons for the apparent 
inconsistency among these studies, not the least of which is 
small sample sizes. In most studies the subjects were not 
characterized fully. As noted by the authors, the stability of 
patients and mechanisms of bronchoconstricton differ among
subjects. For instance, patients were included in several of 
these studies, regardless of whether they were hypersensitive on 
the methylcholine challenge test. Further, some studies were 
performed on medicated patients. None of the studies could be 
performed blind to the presence of environmental tobacco smoke.
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Therefore, the authors could not exclude the possibility that 
pulmonary function changes could be emotionally related to 
cigarette smoke exposure, especially in those patients who 
reported previous histories of adverse response to ETS exposure.
There are several issues that are unresolved by these 
studies. For instance, what proportion of a clearly defined 
population of asthmatics do react to environmental tobacco smoke? 
If the patients are selected according to methylcholine or 
histamine responsiveness, criteria should be given for the extent 
of responsiveness, since it is a continuum. To address the issue 
of degrees of sensitivity, the appropriate case-control or cross­
over studies, with carefully selected populations, need to be 
done.
2.5.5 Cardiovascular Effects
For young adult males and females, no significant acute 
effects of ETS exposure on heart rate and blood pressure have 
been reported, either under resting or aerobic conditions(NRC 
1986).
Angina pectoris is a symptom complex involving feelings of 
pressure and pain in the chest, which is produced by mild 
exercise or excitement, presumably because of insufficient oxygen 
supply to the heart muscle. Under conditions of ETS exposure, the 
CO levels are increased, thus possibly placing individuals with 
angina at an increased risk of recurrent episodes.
Anderson et al.(1973) and Aronow and his colleagues, in a 
series of experiments(1973, 1974, 1978, 1979, and 1981), studied 
angina patients under aerobic conditions with exposures to low
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levels of CO and to ETS. Ten patients with diagnosed angina 
pectoris, of whom two were smokers and eight ex-smokers, were 
tested(Aronow 1978). Significant increases in systolic blood 
pressure and heart rate, and decreases in time to onset of 
angina, were noted when the subjects were exposed to smoke in 
either ventilated or unventilated rooms(the actual levels of CO 
under these conditions were not noted). There were some 
subjective elements in the evaluation of these patients, and the 
physician conducting these tests was aware of the test 
conditions, i.e., smoking or not and ventilated or not. 
Consequently, the findings of this study, in the absence of a 
true double-blind approach, require verification by other 
research workers.
The effects of rapid angina onset would be expected to be 
due to increased COHb levels. Anderson et al. (1973) and Aronow 
et al. (1973, 1981) exposed angina patients to low levels of CO. 
In these studies, angina pain appeared when COHb levels of 
patients were measured at 2 and 4%. These studies have been 
reviewed extensively as part of the USEPA(1984) activity in 
establishing air quality criteria for carbon monoxide. The review 
group found that the results were suggestive for effects at COHb 
levels above 3% based on animal and theoretical models. There is 
concern that elevated levels of CO exposure may affect the 
electrical stability of the heart in previously compromised heart 
muscle, thus possibly leading to sudden death. This suggests that 
there is reason to be concerned with possible effects of 
exposure. However, a firm quantitative estimate of the risk to 
nonsmoking persons, under conditions of ETS exposure, cannot be
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made from the literature at this time.
2.5.6 Hypersensitive Individuals
Individuals with conditions, such as asthma, and vasomotor 
rhinitis, may be more sensitive to the acute irritating effects 
of exposure to environmental tobacco smoke(NRC 1986). In 
addition, many people without active diseases report allergic or 
allergic-like symptoms as result of exposure to environmental 
tobacco smoke(Speer 1968, Zussman 1974). In addition to the 
mucous membrane irritation symptoms such as eye irritation, nasal 
symptoms, sore throat, and cough, the reported symptoms include 
headache, wheezing, and nausea. The proportion of people who 
report these responses varies with the nature of the exposure. 
These reports have led to the belief that a tobacco smoke allergy 
may exist.
Several investigators have studied immediate cutaneous 
hypersensitivity of extracts of tobacco leaves. Zussman(1974) 
found that 16% of the 200 atopic patients reported that they were 
clinically sensitive to ETS exposure. All of them did develop 
erythema during the intradermal tests. Becker and colleagues 
(1976) found that one-third(11 out of 31) of human volunteers, 
including smokers, exhibit hypersensitivity to a glycoprotein 
purified from cured tobacco leaves and from cigarette smoke 
condensate. Reports of immediate skin reactivity suggest an 
immunological basis for clinical sensitivity to tobacco smoke.
Tobacco smoke has been shown to contain an immunogen thought 
to be a glycoprotein that can stimulate immune responses to 
tobacco leaf extract in experimental animals(Lehrer et al. 1978,
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Becker et al. 1979, Gleich and Welsh 1979). However, the extracts 
differ and there is controversy concerning the purity of tobacco 
glycoprotein isolates(Becker et al. 1981, Bick et al. 1981).
Lehrer and colleagues(1984) tested 93 subjects, including 
60 of whom claimed clinical sensitivity to tobacco smoke. The 
group included atopic and non-atopic individuals. Approximately 
50% of the atopic subjects had positive skin tests to leaf 
extracts of cigarette smoke condensate. Fewer than 5% of non- 
atopic individuals had a positive reaction, independent of 
whether they claimed to be sensitive to ETS exposure. Radio- 
allergo-sorbent tests were also conducted. Forty-five percent of 
atopic individuals and 6% of non atopic individuals were positive 
for leaf extracts. There were no significant difference in 
specific serum IgE antibodies among smokers, ex-smokers, or non- 
smokers, Fewer than 6% of either group responded to cigarette 
smoke condensate. Because there was no relationship between 
subjective tobacco smoke sensitivity and reaction to the various 
tests, the authors concluded that the reported subjective 
sensitivity is probably not related to hypersensitivity to 
tobacco leaf of smoke antigens.
Bascom(1992) recently reported that ETS sensitive people had 
both objective and subjective responses to low level sidestream 
smoke exposure. The objective measurement is the increase of 
baseline nasal resistance. The subjective responses are nasal 
congestion, headache, chest tightness, and cough. Controls did 
not have these responses, but they had odour perception, 
rhinorrhea, and nose-throat irritation as the cases did. The 
nasal lavage data indicated that there was no activation of mast
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cells in the reactions to sidestream smoke exposure.
In summaryf experimental and clinical studies have indicated 
that there are immunogens in environmental tobacco smoke and that 
a portion of the population is sensitive as shown by 
dermatological tests and the study of Bascom(1992) . However, the 
specific agent responsible for this reactivity has not been 
conclusively identified. Furthermore, there is a question as to 
whether reactions to skin tests are correlated with subjective 
complaints. It is clear, however, that a substantial number of 
atopic individuals will have positive skin test to tobacco smoke 
or tobacco leaf extracts, more researches are needed to 
characterize the immunogen and explain the relationship between 
subjective symptoms and skin tests.
2.6 Environmental Tobacco Smoke and the Sick Building Syndrome
So far there is no general agreement on the aetiology of the 
sick building syndrome although postulated primary etiologies 
include volatile organic compounds and microorganisms.
The large series of studies performed by NIOSH suggested 
that only a small portion, approximately 2% was attributable 
primarily to ETS (Melius 1984) . The authors did not comment on the 
frequency with which environmental tobacco smoke was thought to 
be a C O -contributor to such complaints. No large cross-sectional 
studies of the sick building syndrome that would allow analysis 
of ETS issues have been undertaken in the United States.
Some studies in Europe have examined specifically the 
contribution of passive smoking to the sick building syndrome. 
Cross-sectional studies from the U.K. were not thought to
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demonstrate a relationship between ETS and complaints(Burge et 
al. 1987, Finnegan 1984). Skov and colleagues(1987) in the Danish 
Town Hall Study suggested at least some contribution of tobacco 
smoke to the sick building syndrome.
Nevertheless, Robertson and colleagues(1988) reanalysed 
Burge's well-known study of 4,373 office workers in 46 buildings 
with different types of ventilation system(Burge 1987). The sick 
building syndrome symptoms were more frequent in nonsmoking 
workers exposed to ETS than in unexposed nonsmokers. Symptoms 
were also significantly more frequent in buildings with higher 
smoking prevalence than in buildings with fewer smokers. This 
study supports the hypothesis that smoking is a contributor to 
the sick building syndrome symptoms, even in 'non-problem 
buildings'.
Fanger(1988) and colleagues(1988) have presented an 
alternative approach to traditional cross-sectional studies, 
ignoring irritation and other 'health' complaints of the sick 
building syndrome. They have addressed the issue of odour 
dissatisfaction by using rater panels, similar to those of food 
raters for consumer acceptability, who rated air quality on an 
ordinal scale. Using odour and perceived air quality as 
subjective outcome measures, quantified by a newly defined 
pollution unit(the 'olf'), they then studied a series of 
buildings in Denmark. In 15 offices, approximately 25% of the 
perceived pollutant load was attributed to environmental tobacco 
smoke, less than from the ventilation systems (42%), more than 
from occupants(13%), or from office machines. Smoking habits and 
ventilation systems in Europe are not comparable to systems in
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use in the United States. Therefore, these results must be 
replicated before they are assumed to be valid.
In summary, there has is no conclusive evidence that 
environmental tobacco smoke causes or contributes to the sick 
building syndrome. However, the contribution of environmental 
tobacco smoke to the increase of the sick building syndrome 
symptoms among office workers has a theoretical basis and should 
be confirmed by further studies.
3. MATERIALS AND METHODS
Self-administered questionnaires were used to investigate 
symptoms among office workers in buildings with environmental 
tobacco smoke exposure and those in buildings without 
environmental tobacco smoke exposure. Fifteen buildings with 
different methods of ventilation were investigated. Data of the 
descriptive variables in the questionnaire were coded with '0* 
or ' 1 ’ . Semi-quantitative data and some of the quantitative data 
were coded with ’0 - 9 '  system,
3,1 Buildings
Fifteen buildings were involved in the study. These 
buildings were found via the following procedures:
• to look up the Kampass directories for big companies, which 
were expected to have large buildings?
• to contact with the companies for information on the number 
of buildings in their companies, the ventilation methods of 
the buildings, smoking policies of the companies, and the 
number of staff in their companies;
• to ask the companies, where have buildings suitable for 
this study, to collaborate, i.e. to participate in this 
study.
All 15 buildings are low rise-modern office buildings. 
Before the self-administered questionnaires were distributed, a 
walk-through examination was done, and the building engineers 
were interviewed to acquire the following basic data for the 
buildings:
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• Ventilation systems: Of the fifteen buildings, six were 
naturally ventilated, one was mechanically ventilated(but 
not air-conditioned), and eight were air-conditioned. All 
the air-conditioned buildings had heating, chilling and 
humidification and all the air-conditioning systems had air 
recirculation. Since all the air-conditioning system were 
variable air volume(VAV) exchange systems, the air volume 
exchange was mainly controlled by indoor air temperature, 
and the proportion of the extracted air in recirculation 
was 10-30%. All the ventilation systems were reported by 
the building engineers to be regularly maintained and all 
of them working well.
• Environmental tobacco smoke exposure: Of the 15 
buildings, 13 did not allow smoking, smokers had to smoke 
outside of the building. In two of the eight air- 
conditioned buildings without 'no smoking' policy, people 
could smoke at their work stations and in most of the rest 
areas.
• Furnishing/decor: Carpet, wallpaper, partitions, and 
ceilings were noted during a walking-through examination of 
the buildings. The carpets and covers of partitions in all 
buildings were reported by the engineers to be made from 
synthetic fibres.
• Outdoor pollution source: None of the buildings was
situated in an industrialized area, i.e. there was no 
apparent industrial air pollution source around the 
buildings. Two buildings were near to a busy road and 
therefore close to road traffic pollutants.
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• Age: The buildings ranged from 1 to 25 years old.
None of the fifteen buildings was reported by the occupants 
as a 'sick' building. The fifteen buildings were divided into 
four groups according to ventilation systems and if occupants 
exposed to environmental tobacco smoke. Table 3-1 summarises the 
number of the buildings in each group.
Table 3-1. Ventilation group and thebuildings' details.
Groupé No Acre
Nat. 6 1-25Mech. 1 6A/C. 6 1-25A/C+ETS. 2 3-10
® Nat.: Naturally ventilated withoutETS exposure.Mech.: Mechanically ventilatedwithout ETS exposure.A/C: Air-Conditioned ventilatedwithout ETS exposure.A/C+ETS: Air-Conditioned with ETSExposure.
3.2 Subjects
1,030 people were questioned in the 15 office buildings via 
a self-administered questionnaire(section 3,3 and Appendix I). 
The response rate was 70.1%(722/1,030). They were divided into 
four groups according to ETS exposure and the building 
ventilation systems(Table 3-1). Of these, 257(35.6%) were in 
naturally ventilated buildings, 103(14.4%) were in mechanically 
ventilated buildings, 197(27.3) were in air-conditioned buildings 
with a 'no smoking' policy and 165(22.9%) were in air-conditioned 
buildings without a 'no smoking' policy. All the people were 
office workers, 379 were male (52.5%), 325 were female (45.0%) 
and 18 did not specify (2.5%) . The summary of sample is shown in
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Table 3-2.
1 0 1
Table 3-2. The subjects in the four groups.
GrouD Male Female NS“ Total NQ^ RR=(%)
Nat. 156 90 11 257 370 68.4
Mech. 37 62 4 103 140 73.6
A/C 93 102 2 197 290 67.9
A/C+ETS 93 71 1 165 230 71.7
Total 379 325 18 722 1030 70.1
® not specified? ^ number of questionnaire distributed;response rate.
3.3 Questionnaire and Coding
Development of the questionnaire Before the start of the 
questionnaire survey, a pilot study was conducted in the 
Occupational Health Unit in Robens Institute to test the 
questionnaire. About 20 copies of the questionnaire were 
distributed to staff in the building. Improvement had been made 
after receiving the suggestions in the ’feedback section’.
The questions in the revised questionnaire were concerned
with:
• Office workers’ general health and their common symptoms, 
whether they occurred at work or home?
® environmental tobacco smoke exposure?
9 Smoking habit;
9 Perception of office air quality;
• Work environment ?
® Occupation, daily jobs, workload, and work-related factors? 
® Psychosocial factors?
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# Age and sex.
The questionnaire is contained in Appendix I.
Symptoms: 22 common symptoms were asked in the
questionnaire in the way of "how often do you suffer...... ?"
The answer choices were 'frequently', 'occasionally' or 'never', 
coded as '1', '2', and ' 3 ' respectively. The 22 symptoms are
headache, migraine, lethargy, dizzy spells, mental fatigue, sleep 
problems, stress, indigestion, tension, backache, arm/shoulder 
cramp, eye strain, visual fatigue, eye watering, sore, dry eyes, 
excessive blinking, dry/blocked nose, dry/sore throat, coughing, 
chest tightness, colds.
Exposure to ETS: A person's exposure to environmental
tobacco smoke at work were coded in the following way:
1: those working in 'no smoking' buildings, not exposed to 
environmental tobacco smoke;
2: slightly exposed to environmental tobacco smoke, those 
working in a 'smoking' building, but not with smoker(s) in 
the same office, i.e. exposed to the air recirculated with 
environmental tobacco smoke.
3 : heavily exposed, working in a 'smoking' building, and with 
smoker(s) in the same office, i.e. exposed to environmental 
tobacco smoke directly in the office or work stations.
Smoking habit: Personal smoking habit and daily
consumption of cigarettes smoked at work and other places were 
also asked. Smoking habit include cigarette or cigar, type of
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cigarette(low tar, middle tar, and high tar). Daily consumption 
is simply the number of cigarettes or cigars.
Office air quality: Self-assessment of the office
microclimate and work environment, including air quality, air 
temperature, air movement and humidity. The way of asking the 
question is " what do you think of your office environment ?" The 
answer choices were ’ usually good ' or ’ rarely good ’, coded as * 1 ’ 
and ’2’ respectively.
Occupation and work-related factors: The occupations were
classified as managerial, professional, clerical, secretarial and 
other(porter etc); these were coded as '1', *2’, ’3', '4’ and '5' 
respectively. The work-related factors included daily jobs, daily 
and weekly working hours and work load(hard or easy).
Psychosocial factors: Considering their work? whether a
person was satisfied with his/her work, the work is stimulating 
or interesting or boring, and satisfaction with office decor were 
also asked.
General questions: Sex and age. Female is coded as ’1’,
and males are coded as '2*. The coding for age is below:
Cateaorv A g e
1 < 2 02 20 to 293 30 to 394 40 to 495 50 to 596 60 to 697 >70
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3.4 Statistical Methods
The statistical procedures were run with the SPSS-X on the 
University of Surrey UNIX main frame computer. The statistical 
procedures of t-test. Chi-square test and Pearson correlation 
were used. Multiple regression equation was calculated to look 
at the multiple factors' effect of environmental tobacco smoke, 
ventilation system, office microclimate, work environment and 
other factors related to SBS symptoms.
Building sickness score(BSS)(Wilson et al. 1987) and sick 
building syndrome score(SBSS) were used as comprehensive 
evaluating indices.
BSS is simply the average number of the symptoms (complained 
of frequently) which a group or sub-group had, i.e. it presents 
a group or sub-group's SBS symptom level.
SBSS is the number of the symptoms suffered ' frequently' by 
an investigated person, i.e. it presents an individual's SBS 
symptom level.
4. RESULTS
4.1 The Population Statistics
Table 3-2 presents the sex distribution of the 722 people 
in the four groups. The sex distribution of the 722 people in the 
four groups is not equal. Females are reported to have more 
symptoms than males(Wilson et al. 1987, Skov et al. 1989). In 
order to have a similar proportion of males and females in each 
group(to avoid the bias from unbalanced sex distribution), 57.69% 
of the males in naturally ventilated buildings, 91.18% of the 
females in the mechanically ventilated building, 59.68% of the 
females in the air-conditioned buildings and 76.34% of the males 
in the fourth group(air-conditioned buildings without the ’no 
smoking’ policy, i.e. people with ETS exposure) were randomly 
sampled. The 18 cases which sex was not specified were excluded. 
The balanced sex distribution of 587 people sampled in the four 
groups is shown in Table 4-1.
The numbers of the people in different age bands and 
occupation ranks are listed in Table 4-2 and Table 4-3 
respectively. It is not difficult to see, in each group, that 
there were more females in the younger age band and in the lower 
occupation ranks (females were clerical or secretarial staff). 
On the other hand, more males were in the older age bands and 
higher occupation ranks. These differences between males and 
females in age bands and occupational ranks are more clearly 
shown by Table 4-4 and 4-5, and Figure 4-1 and 4-2.
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4,2 SBS Symptoms, ETS Exposure, Smoking, and Ventilation Systems
Table 4-6 through Table 4-8 show the first ten symptoms 
which occurred frequently in all 587 people(295 males and 292 
females). The first 10 symptoms were headache(21.12%), eye 
strain(20.78%) and tension(19.76%), followed by visual fatigue, 
lethargy, backache, stress, sleep problem, mental fatigue, and 
blocked nose. The leading three symptoms in the spectrum of 
common symptoms are not those of mucous membrane irritating 
symptoms, which usually occur in a typical SBS such as eye 
watering and sore throat. The complaint rate of the office 
workers' in these buildings which were not apparently 'sick' was 
not as high as in a typical 'sick' building, which might be as 
high as 80%. In Table 4-7 and Table 4-8, it can be seen that 
females had a higher complaint rate; and the symptoms suffered 
by males and females were different, backache is the most 
frequent symptom in the male group and headache is the most 
common symptom in females. This may be caused by differences in 
occupation.
The data from people in buildings with air-conditioning 
system and with environmental tobacco smoke exposure was used in 
the evaluation of environmental tobacco smoke and building 
sickness score. The result of the building sickness score 
comparison between environmental tobacco smoke exposure and 
environmental tobacco smoke non-exposure is presented in Table 
4-9. Environmental tobacco smoke exposure did not increase the 
building sickness score. This result indicated that environmental 
tobacco smoke itself may not raise the number of symptoms 
significantly in a well ventilated office building.
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Table 4-10 presents the BSS comparisons among the four 
groups. Although the building sickness scores of the mechanically 
ventilated and air-conditioned buildings were a little higher 
than that of the naturally ventilated buildings, there was no 
significant BSS difference between these types of building though 
the BSS of the naturally ventilated buildings is the lowest. 
However people in the air-conditioned buildings that allowed 
smoking had a significantly higher BSS than those in naturally 
ventilated buildings. This result might be caused by a combined 
effect of environmental tobacco smoke exposure and air- 
conditioning system.
Smokers had a significantly higher BSS than non-smokers 
(Table 4-11). There were roughly similar proportions of smokers 
in each group, (see Table 4-12) , so the significant BSS 
difference between the naturally ventilated and the air- 
conditioned buildings with smoking was not likely to have been 
caused by an unbalanced distribution of smokers in the four 
groups. Since there were similar numbers of males and females in 
each group the BSS difference was similarly not likely to be from 
sex imbalance among the two groups. In addition, the occupation 
distribution in the four groups were also similar (Table 4-5) . The 
results shown in Table 4-12, therefore, indicate that a combined 
effect of exposure to environmental tobacco smoke and working in 
offices with air-conditioning system on increases number of SBS 
symptoms.
The relation between BSS and different window conditions is 
presented in Table 4-13. SBSS is significantly correlated to 
window conditions(p<0.05), but the correlation coefficient is
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small(r=0.0887). People in offices where the windows were never 
opened did not have significant more symptoms than those working 
in the offices where window were opened frequently, or 
occasionally. These results were actually very similar to those 
in Table 4-10 since the 'Never Opened' was those in air- 
conditioned buildings while the 'Opened Frequently' was those in 
naturally ventilated buildings. Table 4-13 shows that the p value 
for '1 & 3' is small, so is that for '1 & 2' in Table 4-10.
4.3 Office Micro-Climate and SBS Symptoms
The BSS difference among the self-assessments of 
microclimate factors, are listed in Table 4-14. There were 
significant differences in building sickness score between the 
two categories of 'usually good' and 'rarely good' in the self- 
assessments of all the macroclimate factors, (air-quality, air- 
movement, temperature and humidity). Feelings of discomfort 
caused by these factors increase the numbers of complaints.
The relationships among BSS, SBSS and office light, office 
space, office noise level are shown in Table 4-15 through Table 
4-17.
People who were comfortable about office lighting had fewer 
symptoms than those who thought their office light was 'ok' or 
bad(Table 4-15). This was not only shown by the significantly 
different BSS but also by SBS symptom and degree of light 
comfort (r=0 . 2884, p<0.01) . Those people self-assessing that their 
office was crowded had a higher BSS (Table 4-16) . The sick 
building syndrome symptom score was also significantly related 
with the perceived levels of noise in the office(Table 4-17).
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4.4 Occupation, Work-Related Factors and SBS Symptoms
The BSS differences between people in the different 
occupational categories are in Table 4-18. The results of daily 
working time, work load and building sickness score are shown in 
Table 4-19. Table 4-20 presents the Pearson's coefficients among 
SBSS and the ten daily jobs.
It can be seen that building sickness score decreased as the 
occupation rank increases (Table 4-18) and this relation was also 
significant in Pearson correlation between occupational 
ranks(categories) and SBSS(r=0.1551, p<0.01). Managerial people 
had the lowest BSS, followed by the professional people, and then 
the clerical workers. The secretaries had the highest BSS, which 
was twice as high as compared to the managers. There was no BSS 
change between managers and professionals, and between clericals 
and secretaries.
Sick building syndrome score was not correlated to daily 
working time. Those with a work load self-assessed as 'hard' did 
not have a higher building sickness score than those who assessed 
their work as 'not hard' (Table 4-19) . People whose work was 
'easy' had a higher building sickness score than those whose work 
was 'not easy' . So the sick building syndrome score was not 
related with individuals' work load, but might be associated with 
boring work.
Of the job factors (listed in Table-20), the correlations 
among sick building syndrome score and the frequencies of using 
a typewriter, VDU, photocopier, and doing maintenance work were 
significant. These were consistent with occupational categories 
because secretaries use typewriters, VDUs, and photocopiers more
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often than managerial and professional people.
4.5 Psychosocial Factors of Work and SBS Symptoms
The psychosocial factors, opinions on one's own work and 
building sickness score were analyzed, the results are shown in 
Table 4-21. People who were not satisfied with their work had a 
higher building sickness score than those satisfied with their 
work. People with 'boring' work also had a higher building 
sickness score. On the other hand, people considering their work 
to be 'stimulating' and 'interesting' had a lower building 
sickness score(See Table 4-21).
4.6 Age, Sex and SBS Symptoms
The results of the relationship among building sickness 
score, sick building syndrome score and age are shown in Table 
4-22 . Although there was an obvious trend that building sickness score 
decreases as age increases and the Pearson correlation between 
sick building syndrome score and age was significant(r=-0.0849, 
p<0.05), the correlation coefficient is small and there were 
no significant difference among the age bands.
The building sickness score difference between males and 
females are tested in Table 4-23. There was also a extremely 
significant difference of BSS between males and females. Females' 
building sickness score was much higher than males. Again, this 
was possibly related to the occupational categories or daily jobs 
since more females were in the secretarial category and doing 
typing, VDUs, photocopying, and maintenance. See Table 4-3, Table 
4-18, and Table 4-19.
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The effect of occupation on sick building syndrome score is 
further analyzed while sex is controlled, see Table 4-24 through 
4-30. Since there were more males managerial than females(Table 
4-5) and there were few male clerical or secretarial staff equal 
proportion of males and females were randomly sampled from the 
two categories of managers and professionals. The results are 
shown in Table 4-24.
Females still had higher building sickness scores than males 
in the total(Table 4-25), and among managers(Table 4-26) and 
professionals (Table 4-27) respectively. Male managers did not 
have a higher building sickness score than male professionals 
(Table 4-29), but among females, the managers still had a higher 
building sickness score than the professionals. Female sick 
building syndrome score was inversely proportional to their 
occupational categories.
Occupational categories therefore were not related to 
building sickness score in males, but did contribute 
significantly to the sick building syndrome score in 
females(Table 4-23).
4.7 Multiple Regression Analysis
The multiple regression equation was calculated with the 
number of SBS symptoms per person (SBSS is the number of frequent 
complaints) as the dependent variable and the fallowing factors 
as independent variables :
Exposure to environmental tobacco smoke, smoking, 
ventilation type; perception of air quality, air 
movement, temperature, humidity, office light, noise
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level office space, office decoration, number of 
people in one office or a partitioned area, open- 
planed office, occupation, weekly and daily working 
hours, daily jobs, satisfaction of work, age, and sex.
The result of the equation is shown in Table 4-31, which 
also shown the significant variables screened out of the list 
above were: humidity, satisfied with work, smoking, sex, exposure 
to environmental tobacco smoke, office light, and doing 
professional work.
From the mono-factorial analysis previously described in 
section 4.2 - 4.6, it can be seen that many factors were related 
to building sickness score or sick building syndrome score. The 
multiple stepwise regression were used to observe the multiple 
factors' effect on sick building syndrome score. From the 
results (Table 4-31), it can be seen that there were seven 
variables(factors) entered in the equation, ie sick building 
syndrome score were affected by these factors simultaneously. The 
important thing is that not all of the variables, which are 
significant in mono-factorial statistical analysis, entered the 
multiple regression equation. This may be caused by the 
interactions among these variables. In fact, sex, age and 
occupation were closely related with each other; sex being the 
most important among them. The result of the multiple regression 
analysis suggests that the cause(s) of SBS are complicated. It 
should be noted that even though the multiple regression equation 
is extremely significant, in statistics terms the multiple 
coefficient is not very satisfactory and the R square is only 
about 20%. According to the absolute values of the entered
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variables, (B), the contribution to sick building syndrome score, 
from most to least, was in the order humidity, satisfied with 
work, smoking, sex, exposure to environmental tobacco smoke, 
office light and doing professional works.
Table 4-1. Balanced sex distribution.
GrouD Male Female Total
Nat 90 91 181Mech. 37 37 74A/C 93 94 187A/C+ETS 71 74 145295 292 587
X"=0.05761, p=0. 9964
Table 4-2. Age distribution in the four groups.
A G E Naturallv Mech. A / C A/C+ETS T ,o t <
M F M F M F M F M F T
<20 0 6 2 0 0 9 1 2 3 17 2020 - 29 21 29 23 16 25 36 20 33 89 114 20330 - 39 17 17 6 6 27 19 29 21 79 63 14240 - 49 18 20 4 9 26 20 13 11 61 60 12150 - 59 26 14 2 4 10 8 9 2 47 28 7560 - 69 8 1 0 1 3 0 1 0 12 2 14unknown 1 3 0 1 2 2 . ,1. 2 4 8 1291 90 37 37 93 94 74 71 295 292 587
Table 4-3. Occupation distribution in the four groups.
Occuoation Naturallv Mech, A / c.. A/C+ETS T o t a 1M F M F M F M F M F T
Managerial 28 24 10 6 29 13 36 27 103 70 173Professional 57 31 20 19 58 55 32 51 167 120 287Clerical 3 10 5 8 0 9 1 7 9 34 43Secretarial 0 21 0 2 0 12 0 17 0 52 52Other 3 4 2 2 6 5 5 5 16 16 3290 91 37 37 93 94 74 71 295 292 587
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Table 4-4. Age distribution by sex.
Aae M % F % T
<20 3 1.0 17 5.8 2020 - 29 89 30.2 114 39.0 20330 - 39 79 26.8 63 21,6 14240 - 49 61 20.7 60 20.5 12150 - 59 47 15.9 28 9.6 7560 - 69 12 4.1 2 0.7 14unknown 4 1,4 8 2.7 12295 100,1 292 100.0 587
percentage
<20 20- 30- 4 0 -  5 0 -
age
males IWWMi females
— «
6 0 -  NS
Figure 4-1. Age distribution by sex.
percentage
manager al professional clerical secretarial
Occupational rank.
other
I  males females
Figure 4-2, Occupational distribution by sex,
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Table 4-5. Sex distribution in occupational categories.
Occuoation M % F % T
Managerial 103 34.9 70 24.0 173Professional 167 56.6 120 41.1 287Clerical 9 3.1 34 11.6 43Secretarial 0 0.0 52 17,8 52Other 16 5.4 16 5.5 32295 100.0 292 100,0 587
=0.642, p>0.05.
Table 4-6. The first ten symptoms’ frequencies.
Svmntom Count Percent
1. Headache 124 21.122. Eye strain 122 20.783. Tension 116 19.764. Visual fatigue 115 19.595. Lethargy 115 19.596. Backache 114 19.427. Stress 90 15.338. Sleep problem 87 14.829. Mental fatigue 84 14.3110. Dry & blocked nose 82 13.97
Table 4-7. Males' first ten symptoms.
SvmDtom Count Percent
1. Backache 56 18.982. Eye strain 48 16.273. Visual fatigue 46 15.594. Tension 44 14.925. Sleep problem 44 14.926. Mental fatigue 39 13.227, Stress 39 13.228. Dry fit blocked nose 38 12.889. Headache 35 11.7810. Lethargy 31 10.51
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Table 4-8.
116
Females' first ten symptoms.
Svmotom Count Percent
1. Headache 89 30.482. Lethargy 84 28.773. Eye strain 74 25.344. Tension 72 24.665. Visual fatigue 69 23.636. Backache 58 19.867. Sore, dry eyes 56 19.188. Stress 51 17.479. Mental fatigue 45 15.4110. Dry & blocked nose 44 15.09
Table 4-9. ETS exposure and BSS
6 r o u D Case B S S Como. T d.f. P
0 Non-exposers 187 2.52941 Light-exposure 36 2.6944 0 & 1 -0.31 211 0.7592 Heavy-exposure 109 2.6422 0 & 2 -0.31 294 0.7591 & 2 0.09 143 0.928
Table 4-10. Ventilation system, ETS exposure, and BSS.
G r o u D Case B S S Como. T d.f. P
1. Nat. 181 2.0055 1 & 2 -1.74 366 0.0841 & 3 -1.87 253 0.0632. A/C 187 2.5294 1 & 4 -2.03 324 0.0432 & 3 -0.54 259 0.5913. Mech. 74 2.7568 2 & 4 —0.38 330 0.7053 & 4 0.23 217 0.8174. A/C + ETS 145 2.6552
®®®A/C+ETS / BSS^ ,, = 1.3
Table 4-11. Smoking and BSS Symptoms,
SmokerNon-smoker
Case B S S
107 3.0280480 2.2937
T d.f.
BSSSmoker / BSSNon-smoker
2.32 585 
= 1.32
0.021
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Table 4-12. Smokers in the four groups
Group Smoker Non-smoker Rate(%)
Nat. 23 158 12.7A/C 38 149 20.3Mech. 17 57 23.0A/C+ETS 29 116 20.0107 480 18.2
X*=5.67 P=0.1286
117
Table 4-13. Office window condition, BSS and SBSS.
Window Conditions 
BSS
1. Opened frequently2. Opened occasionally 3- Never opened
Case & BSS
150106326
2.03332.49062.5583
Comp
1 & 21 & 32 & 3
•1.251.84
■0.20
df
254 0.212474 0.068430 0.841
SBSS: Pearson correlation between the frequency of windowopening and SBSS: r=0.0887, p<0.05.
Table 4-14. The office microclimate’s effects on BSS
Factors Self-assess. Case B S S t d.f. P
Air quality usually good rarely good 107480 1.23362.6937 —4.68 585 <0.001
Air movement usually good rarely good 172415 1.39532.8554 -5.56 585 <0.001
Temperature usually good rarely good 187400 1.52412.8500 -5.15 585 <0.001
Humidity usually good rarely good 307280 1.53753.4036 -8.01 585 <0.001
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Table 4-15. Office light, BSS and SBSS.
Categories and meaning Case B S S  
BSS
1. usually is good 240 1.67922. usually is ok 208 2.42313. usually is too bright 81 3.91364. usually is too dark 52 3.7692
SBSS: Pearson correlation between SBSS and degree oflight comfort: r = 0.2884, p<0.01.
Como. t d.f P
1 & 2 -3.06 446 0.0021 & 3 -6.20 319 0.0011 & 4 -5.02 290 0.0012 & 3 -3.79 287 <0.0012 & 4 —2.96 258 0.0033 & 4 0.22 131 0.825
Table 4-16. Office space and BSS.
Crowded Case B S S  t d.f. P
1. Yes2. No 345239 2.8117 2.55 582 0.011 2.1768
Table 4-17. Office noise, BSS and SBSS.
N o i s e Case B S S  Como.
BSS
1. Noisy 139 3.0000
t d.f.
2. Slightly noisy 270 2.5889 1 & 2 1.26 407 0.2093. Not noisy 174 1.7759 1 & 3 3.81 311 <0.0012 & 3 2.95 442 0.003
SBSS: Pearson correlation between noise and SBSS:r= -0.1531, p<0.01.
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Table 4-18 • Occupational categories, BSS and SBSS.
Category Case B S S Cornn. t d.f. P
BSS
1. Managerial 173 1.8844 1 & 2 -2.45 485 0.0151 & 3 -1.70 214 0.0902. Professional 287 2.5505 1 & 4 -3.66 223 <0.0012 & 3 -1.42 328 0.8763. Clerical 43 2.6279 2 & 4 -2.05 337 0.0133 & 4 -0.12 93 0.1114 * Secretarial 52 3.7308
SBSS: Pearson correlation between occupation and SBSS:r=: -0 .1551, p<0.01.
Table 4-19. Work related factors and BSS.
Factors Category Case & BSS t df P
Working time 1 full-time 552 2.3859 -1.35 585 0.1762 part-time 35 3.0857
1 7 - 8  hours daily 428 2.4696 0.32 510 0.7532 more than 8 hours 84 2.3571
Work load 1 'hard’ 238 2.1767 -1.76 585 0.0792 ’not hard* 249 2.6124
1 'easy * 152 2.8618 2.10 585 0.0362 ’not easy’ 435 2.2759
Pearson correlation between ’hard’ and ’easy’:r= -•0.3500, n= 587, p<0.001.
Table 4-20. Thei correlation analysis of jobs and SBSS.
Daily iob r n P
Typewriter -0.1464 587 <0.001VDU -0.1007 587 0.007Telephone -0.0236 587 0.284Photocopier -0.0805 587 0.026Paper work 0.0160 587 0.349File -0.0202 587 0.312Maintenance -0,1134 587 0.003Meeting 0.0499 587 0.114Writing 0.0194 587 0.320Professional work -0.0159 587 0.351
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Table 4-21. Psychosocial factors’ effects on BSS.
1 2 0
Work self-assessed Case B S S t d.f. P
Satisfied yes 419 2.2601 -2.17 585 0.031no 168 2.8452
Stimulating yes 338 2.0917 -3.22 585 0.001no 249 2.8835
Interesting yes 470 2.2532 -2.87 585 0.004no 117 3.1282
OK yes 449 2.4410 0.20 585 0.844no 138 2,3841
Boring yes 108 3.2778 3.32 585 0.001no 479 2.2359
Table 4-22. Age, BSS, and SBSS.
Aae band Case B S S i Como. d.f. T P
BSS
1 < 20 20 2.60002 20 to 29 203 2.6601 1 & 2 221 -0.09 0.9273 30 to 39 142 2.5141 1 & 3 160 0.12 0.9054 40 to 49 121 2.3058 1 & 4 139 0.40 0.6895 50 to 59 75 1.9867 1 & 5 93 0.73 0.4696 60 to 69 14 1.5000 1 & 6 32 1.14 0.264575 2 & 3 343 0.46 0.6432 Sl 4 322 1.07 0.2852 & 5 276 1.68 0.0942 & 6 215 1.53 0.1293 & 4 261 0.55 0.5803 & 5 215 1.16 0.2463 & 6 154 1.21 0.2274 & 5 194 0.68 0.4984 & 6 133 0.95 0.3425 & 6 87 0.51 0.614
SBSS Pearson correlation between age and SBSS:r=-0.0849 , p<0 .05.
Table 4-23. BSS difference between male and female.
Sex Case B S S d.f t P BSSp/BSS„
MaleFemale 295292 1.84413.0171 585 4.88 <0.001 1.64
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Table 4-24. Balanced Occupational distribution.
Occupation Male Female Total
Managerial 68 70 138Profes s ional 121 120 241189 190 379
X*=0.003, p=0.8616.
Table 4-25 BSS difference between male and female while occupation controlled.
Sex Case BSS d.f t P BSSj,/BSS„
MaleFemale 189 1.67 377 4.52 <0.001190 2.92 1.75
Table 4-26. BSS difference between male and female managers.
Sex Case BSS d.f t P BSSp/BSS„
MaleFemale 68 1.54 136 1.86 0.065 70 2.30 1.49
Table 4-27. BSS difference between the female professionals. male and
Sex Case BSS d.f t P BSSj,/BSS„
Male 121 Female 120 1.74 239 4.22 0.001 3.28 1.89
Table 4-28. BSS difference between the managerial and the professional in total.
Occupation Case BSS d.f t P BSSj,/BSSh
ManagerialProfessionals 138 1.93 377 1.96 0.05 241 2.51 1.30
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Table 4-29. BSS difference between the managerial and the professional in males.
Occupation Case BSS d.f t P BSSp/BSS„
ManagerialProfessional 68121 1.54 187 0.54 0.593 1.13 1.74
Table 4-30. BSS and 'difference between the managerial the professional in females.
Occupation Case BSS d.f t P BSSp/BSSn
ManagerialProfessional 70120 2.30 188 2.19 0.029 1.43 3.28
Table 4-31 Result of multiple stepwise regression equation.
Variables entered B SE B Beta T Siq. T
Humidity 0.60498 0.088825 0.27585 6.811 <0.0001Office light 0.19798 0.045078 0.17508 4.392 <0.0001Sex -.27050 0.088414 -.12350 -3.059 0.0023Satisfactory work 0.27747 0.095023 0.11369 2.920 0.0036Smoking -.27509 0.111044 -.09615 -2.477 0.0135A/C & ETS 0.26597 0.099698 0.10542 2.668 0.0079Professional work 0.17812 0.087677 0.08132 2.032 0.0427(Constant) 0.28060 0.317664 0.883 0.3775
Multiple coefficient(R): R square:Adjusted R square: Standard Error:Residual:F =P < 0.0001
0.446560.199610.188960.9871453619.07255
5. DISCUSSION AND CONCLUSION
5.1 Symptoms
The spectrum of symptoms investigated in many studies were 
similar, including mucous membrane irritations, respiratory 
symptoms, general symptoms such as headache ad lethargy, and 
asthmatic symptoms though the number of the symptoms investigated 
varies from study to study(Norbëck 1990, Burge 1987, Hedge 1993, 
Rynal 1993).
It can be seen that the leading symptoms found in this study 
are different from those found in the studies of Norbâck et 
al. (1990) and Burge et al. (1987) when comparing Table 4-6 through 
Table 4-8 with Table 5-1, which summarises the leading
Table 5-1. The leading symptoms found in two studies*.
Norbâck et al. Burae et al.Svrnotora (%)‘^_ Order _ (%1_ Order
Lethargy/Abnormal fatigue 49 1 57 1
Sensation of getting cold 42 2 —
Dry/sore Throat 38 3 46 3
Headache 36 4 43 4
Nasal congestion /blocked nose 33 5 47 2
*• Burge et al.(1987), and Norback et al.(1990).Complaint rate.
symptoms found by Burge et al(1987) and Norback et al.(1990). The 
reason for this may be that there were some buildings with 
reported problems in the two studies, and therefore typical SBS
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symptoms such as dry/sore throat in the leading symptoms had been 
found in both studies. However lethargy, a very common general 
symptom, was still the most frequent one found in the two 
studies. In fact, the 'sensation of cold' could be similar to 
lethargy or fatigue, thus the four leading symptoms were the 
same, and in similar order. It is therefore emphasised that 
general work-related symptoms are usually dominant among people 
in a building, either a sealed or a naturally ventilated, which 
does not have known problems.
5.2 ETS Exposure and Ventilation Type
Results in Table 4-10 indicates that exposure to 
environmental tobacco smoke, and working in air-conditioned 
buildings may have a combined effect on increase of SBS symptoms 
although neither ETS exposure nor working in air-conditioned 
buildings caused more symptoms in office workers than working in 
naturally ventilated building without ETS exposure. Environmental 
tobacco smoke exposure therefore is a contributor to the symptoms 
of SBS, but its contribution is small in a not apparently 'sick' 
building. The results of multiple regression also indicate 
environmental tobacco smoke is a significant contributor.
Results of recent studies are still inconsistent. While 
Hedge et al. (1993) failed to show the contribution of exposure
to environmental tobacco smoke to sick building syndrome 
symptoms, Raynal et al. (1993) and Zweer et al. (1992) found 
exposure to environmental tobacco smoke was contributing to sick 
building syndrome symptoms; and both later studies ^^ aveshown that 
the contribution of ETS to sick building syndrome symptoms were
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small. Raynal also found that perceived exposure to ETS have a 
greater influence than objectively measured ETS levels. 
Environmental tobacco smoke has a large number of chemicals. 
Apparently, it is impossible to measure every chemical in ETS. 
The level of environmental tobacco smoke is usually measured by 
measuring some major components considered such as CO, respirable 
particulates, nicotine, and cotinine. It is therefore difficult 
to measure a few components to represent the exposure to whole 
ETS constituents, which is further used to assess its 
relationship with possible health effects. In particular, the 
non-specific symptoms such as headache, lethargy and annoying 
symptoms may be more likely caused by odorous chemicals. Thus, 
occupants' subjective perception of air quality could be an 
important variable in evaluation of some SBS symptoms. Therefore 
it is possible that studies with actually measured some 
components(CO or respirable particulates) of ETS fail to show a 
significant contribution of ETS to sick building syndrome 
symptoms. In addition, the causes of SBS are multi-factorial. 
When any major contributing factor is not under control, bias 
will mislead a conclusion.
5.3 Building Design
Glazing is a factor of building design. Window conditions 
were significantly related to SBS symptoms as show in Table 4-13 
though there was no significant difference of SBS symptoms 
between the three categories of window conditions. Burge et 
al.(1987) found that percentage of glazing is a non-discremitory 
factor, and 'healthy' air-conditioned buildings had opening
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windows and some degree of local control of ventilation.
Table 4-16 and Table 4-17 indicate crowd and noise perceived 
by occupants were significantly related to the number of SBS 
symptoms. In fact, these factors are related to one of building 
design factors, open planed office. Obviously, open planed office 
will, on one hand, use space efficiently, but on the other hand, 
the adverse effects that noise from people talking, office 
machine such as printer, personal computer, photocopier will not 
only affect the people in a partitioned area but also the people 
in the whole open planned office.
5.4 Personal Related Factors
Personal factors include age, sex, and occupation(and daily 
jobs).
Table 4-22 shows that there is a trend that building 
sickness score decreases as age increases although the 
statistical analysis was not significant. Skov et al.(1989) found 
that age was not inversely related to mucous irritation symptoms, 
but related to general symptoms. However Burge et al. (1987) found 
that age was inversely related SBS symptoms. However the symptoms 
were not divided into 'mucous irritative' or 'general'.
Table 4-23 shows that building sickness score was related 
to sex, i.e., females tended to have more symptoms than males. 
This result is consistent with those of the studies of Burge et 
al. (1987), Skov et al.(1989), Norback et al. (1990), and
Stenberg et al. (1993).
Occupational categories are related to SBS symptoms, eg. 
managers have fewer symptoms, and on the other hand, secretaries
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have more symptoms(Burge et al. 1987). Table 4-18 shows a similar 
result.
The effect of occupation on sick building syndrome score is 
further analyzed while sex is controlled, see Table 4-24 through 
4-30. Females still had higher building sickness scores than 
males in the total(Table 4-25), and among managers(Table 4-26) 
and professionals (Table 4-27) respectively. Male managers did 
not have a higher building sickness score than male professionals 
(Table 4-29), but among females, the managers still had a higher 
building sickness score than the professionals. In female, sick 
building syndrome score was inversely proportional to their 
occupational categories. The reason for this is not clear.
5.5 Multiple Regression
Many studies on the sick building syndrome have used 
questionnaires to investigate both symptoms and suspectable 
variables (Hedge 1987, Wallace 1993) , which usually are subjective 
perceptions of work environments, rather than measuring objective 
parameters(Hedge et al. 1988). In analyzing data, subjective
perception is often found to be the most significant variable 
when using multiple regression techniques. However the parameter 
measured objectively did contribute to sick building syndrome 
symptoms(Norback 1990). Table 5-2 summarises the significant 
variables found in two studies, in which multiple regression was 
used(Norback et al. 1990, Hedge 1988). The factors significantly 
related to SBS symptoms by multiple regression analysis are 
similar, as shown in Table 5-2, in two studies.
It should be emphasised that this analysis relates only to
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personal factors and contact conditions and does not take into 
account other contributing factors such as building design 
characteristics,
Table 5-2. Some SBS studies with multiple regression.
Study   Significant Variable________
Hedge et al. Environmental satisfaction 1988. Ambient environmentOrganization type Job stress Lighting control AgeYears in building Environmental control
Norbâck et Hypersensitivityal. 1990. Sick leavePsychological dissatisfaction Static electric shock Total VOC levels
5.6 Conclusion
To summarize the results in Chapter Four and the discussions 
above, the conclusion from this part of the study indicates that 
in buildings not diagnosed as ’sick’:
1. Both exposure to ETS and working in air-conditioned 
buildings did not show significant individual effect of ETS 
exposure or working in air-conditioned buildings on BSS. 
But they may have an additional effect on BSS since people 
working in air-conditioned buildings without ’no-smoking 
policy’ had significantly higher BSS than those working in 
naturally ventilated buildings.
2. SBS symptoms were influenced by multiple variables, of 
which humidity, psychological factors, sex and occupation
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were important.
3. The most common symptom complained of by office workers is 
with the complaint rate of 20%. Females and secretaries had 
the most complaints,
PART TWO
ELECTROMAGNETIC FIELDS, CHEMICAL 
SENSITIVITY, AND THE SICK 
BUILDING SYNDROME
6. LITERATURE REVIEW OF ELECTROMAGNETIC FIELDS, 
CHEMICAL SENSITIVITY AND THE SICK BUILDING 
SYNDROM
The sick building syndrome and chemical sensitivity or 
multiple chemical sensitivities have been discussed in Chapter One and Two. 
Some cases of chemical sensitivity may be SBS cases or vice 
versa, i.e. they are caused by the same exposure to certain 
chemicals. Chemical sensitivity is being recognized by 
researchers. However, we do not know what proportion of the 
population is affected or are being affected by the common 
chemicals used at home and work, such as environmental tobacco 
smoke, car exhaust, and by occupational exposures etc. It is also 
not well understood what mechnisms are involved in the 
development of chemical sensitivity although there are a few 
hypothesis proposed(Rea 1993, Ashford and Miller 1989).
Among the patients with chemical sensitivity, some claim 
that they are also sensitive to electromagnetic fields(EMF), i.e. 
their symptom may be triggered by EMF with a certain frequency 
produced by common electronic equipment in office and electrical 
appliances at home, like by chemicals exposed to(Rea et al. 1991, 
Smith et al. 1989, and Bell et al. 1991).
As discussed in Chapter One and Two, people are living in 
an environment full of electromagnetic fields and radiations. It 
is known that the ionizing part of electromagnetic spectrum is 
harmful to health, however little is known about the health 
effects of non-ionizing radiation.
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Both electrical and magnetic fields have certain effect on 
biological systems such as tissue and cells, animals, and humans 
although the photon energies of the fields are far below the 
12.4eV/photon required for ionizing radiation. In addition, 
Sandstrom et al,(1993) found that magnetic fields cause VDU 
jittering, which in turn affects VDU users* eyes and can lead to 
fatigue. EMF is therefore also a potential indirect cause of 
health problems among VDU users.
The common symptoms complained of by patients sensitive to 
low level electromagnetic fields produced by common electrical 
appliances or equipment are similar to those of chemically 
sensitive patients, for example, headache, dizziness, fatigue 
etc.
The aim of this part of the study is to investigate effect 
of magnetic fields on patients with chemical sensitivity or 
electromagnetic sensitivity, i.e. whether EMF causes these 
patients more symptoms or any measurable change in physiological 
parameters.
6.1 Introduction to Electromagnetic Fields
All living organisms have evolved in a complex milieu of 
electromagnetic fields spanning the spectrum from near zero 
frequency to high frequency. The high-energy regions are 
associated with radiations occurring naturally in the 
environment(cosmic rays, ionizing radiations from natural 
radioisotopes ). Man has long been aware of the role that 
radiations such as visible and infrared (heat) radiations play in 
life processes. The mechanisms of action of ionizing radiations
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(gamma. X-rays etc) on biological material are direct and fairly 
well understood, ie the ionizing radiation has syfficiently high 
photon energies(>12.4eV/photon) to be able to break electrons 
away from atoms to form ions. In other parts of the 
electromagnetic spectrum particularly from the non-ionizing 
radiations (NIR) , there is less understanding of the evolutionary 
necessity, the biological significance, and the mechanisms of 
interaction of these fields on living matter.
Over the past few decades man has significantly altered the 
intensity of environmental electromagnetic fields so that both 
the likelihood and the level of radiation exposure of most life 
forms have increased by many orders of magnitude. These increases 
have resulted from numerous NIR sources used in industry, 
commerce, medicine, research, and the home.
Non-ionizing radiation pervades the entire environment and 
except for the visible radiation it is unperceived by any of the 
human senses unless its intensity becomes so great that it is 
felt as heat. Differences in wavelengths, even within a single 
wave band, are particularly important when evaluating hazards 
from exposure to NIR. The ability of the radiation to penetrate 
into the human body and the sites of absorption differ 
significantly from one type of radiation to another.
6.1.1 Electrical Fields(EF)
Electric charges exert forces on each other. It is 
convenient to introduce the concept of an electric field to 
describe this interaction. A system of electric charges produces 
an electric field at all points in space. This field propagates
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away from the source charges at the speed of light. In the field, 
any other charge will experience a force because of its presence. 
The electric field is a vector quantity and is denoted E. The 
force, P, exerted on an electric charge, q, in the field E is 
given by the expression below:
F = qE
The force on a positive charge is in the same direction as 
E, while the force of a negative charge is in the opposite 
direction. It is generally easier and more useful to measure the 
potential, V, rather than the E field because the potential is 
much less dependant on the physical geometry of a given system. 
The electrical field strength is determined by the potential 
difference and the distance between the two electric charges. 
Therefore, in actual practice, the unit of electrical field is 
volts/meter(V/m).
Electric fields exert forces on charged particles. In an 
electrically conductive material, such as living tissue, these 
forces will set charges into motion to form an electric current. 
This current is frequently specified by the current density
vector, J, whose magnitude is equal to the current flowing
through a unit area orientated perpendicular to its direction. 
The units of the current density are A/m^ . J is directly
proportional to E in a wide variety of materials. Thus,
J ss ffE
where the constant proportionality, cr, is the electrical
conductivity of the medium.
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6.1.2 Magnetic Fields(MF)
Magnetic fields, like E fields, are produced by electric 
charge, but only when the electric charge is in physical motion. 
Magnetic fields exert forces on other charge but, again, only on 
charges which are in physical motion perpendicularly to the 
magnetic fields. Since the most common manifestation of electric 
charge is motion in an electric current, it is often said that 
B field are produced by electric current and interact with other 
electric current.
The force, F, acting on an electric charge, q, moving with 
a velocity, v, perpendicular to a magnetic field, B, is given by 
the expression ;
F = qvB
where the direction of F is perpendicular to both v and B. If the 
direction of v were, instead, parallel to B, then F would be zero 
in this example. This illustrates one important characteristic 
of a magnetic field: it does no physical work, because the force 
generated by its interaction with a moving charge is always 
perpendicular to the direction of motion.
The strength of the magnetic field, H, is the force with 
which the field acts on an element of current situated at a 
particular point. The value of H is measured in ampere per 
meter (A/m) . As in the case of electric fields, the magnetic field 
at any point may be described in terms of its time-varying 
magnitude and invariant direction, i.e., the magnitude and 
direction of the major and minor semi-axes. For a variety of 
reasons, it is more common to refer to the magnetic flux density 
or magnetic induction (B field) with the unit measure in Tesla (T) 
or Gauss (G) , 1 T equals to lO^ G. B field is used to describe the
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magnetic field generated by current in the conductors of i
transmission lines and substations. Thus the magnetic field is 
defined as a vector field of magnetic flux density B. The value 
of |i(the magnetic permeability) is determined by the properties 
of the medium, and, for most biological materials is equal to 
the value of the permeability of free space (air). Thus, for 
biological materials, the value of B and H are related by a 
constant , i.e.:
H = B/p„
In free space, p^  = 4ti10“’^, thus
lA/m = 12.57 X  10‘^ T = 1.26 pT = 12.6 mG 
The conversions of A/m, Tesla, and Gauss are shown in Table 6-1.
Table 6-1. Conversions factors for A/m, T, and G,
Field & Unit Maanetic Field Maanetic Induction(B)StrenathfH) Tesla Gauss
H 1 A/m 1 A/m 1.26 pT 12. 6 mG1 mA/m 1 mA/m 1.26 nT 12. 6 pG1 pA/m 1 pA/m 1.26 pT 12. 6 nG
T 1 T 7.96*10® A/m 1 T 10* G1 mT 7.96*10® mA/m 1 mT 10 G1 pT 7.96*10® pA/m 1 pT 10 mG1 nT 7.96*10® nA/m 1 nT 10 pG1 pT 7.96*10® pA/m 1 pT 10 nG
G 1 G 7.96*10* A/m 0.1 mT 1 G1 mG 7.96*10* mA/m 0.1 pT 1 mG1 pG 7.96*10* pA/m 0.1 nT 1 pG1 nG 7.96*10* nA/m 0.1 pT 1 nG
6.1.3 Frequency Spectrum of Electromagnetic Fields
Direct currents produce static fields. Alternating current 
produce time-varying fields. Time varying fields have two 
important characteristics, one is frequencyif) and the other is 
wavelength{X). Frequency is the number of cycles which the
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potential/voltage changes in a second. The unit of frequency is 
Hertz(Hz), equal to 1 cycle per second. Wavelength is the 
distance that the EMF travels in one cycle. In free space, EMF 
travels at the speed of light (v) , i.e. 3 x 10®m/s. In one second, 
the distance an EMF wave goes is 3 x 10® meters. Since v = /X, so 
frequency and wavelength are inversely proportional to each 
other:
X = v//
5= 3 X 10® m / /
And thus the wavelength of an EMF can be easily calculated with 
the equation above when the frequency is known, and vice versa.
The electromagnetic spectrum is nominally divided into 
frequency or wavelength bands, including ionizing radiations
I
(frequency over 3,000 THz or wavelength less than lOOnm) , ultra- '
violet with frequencies of 3,000 to 750THz or wavelength of 100 - |
400 nm, visible light(750 - 385THz), infrared(385 - 0.3THz), '
radio-frequency, microwave, extremely low frequency, and static 
field. Table 6-2 summarises the classification with frequency, 
wavelength, and energy per photon.
Since ELF EMFs are most important to general population, 
discussions of the source and exposure, interaction mechanism, 
biological effects, and health effects of EMF will be only 
focused on the ELF fields.
6.1.4 Summary
Electric fields are produced by electric charges. Magnetic 
fields are produced by physically moving electric charges. In 
free space electromagnetic fields travel at the speed of light.
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People are exposed to frequencies of EMF from near zero Hz(zero 
Hz fields are static electromagnetic fields) to hundreds of GHz 
( radiofrequency and microwave ). The strength of EMF can vary 
several orders of magnitude. In consideration of the potential
Table 6-2. Radiation frequencies.
Radiation Freauencv Wavelenath Enerov oer ohoton
lonizino > 3,000 THz < lOOnm > 12.4eV
Non-ioniZina
UV 3,000-750 THz 100-400 nm 12.40 - 3.10 eVVisible light 750-385 THz 400-780 nm 3.10 - 1.59 eVInfrared(IR) 385-0.3 THz 0.78-10® pm 1,590 - 1.24 meVLasers 1,500-15 THz 0.2 - 20 pm 6,200 - 62 meV
RF 300GHZ-300 Hz 1 mm-10 km l,240peV - 124 feVMW 300-0.3 GHz 1-1,000 mm 1,240 - 1.24 peVEHF 300-30 GHz 1-10 mm 1,240 - 124 peVSHF 30- 3 10-100 124 - 12.4UHF 3-0.3 100-1,000 124 - 1.24VHF 300-30 MHz 1-10 m 1,240 - 124 neVHF 30- 3 10-100 ra 124 - 12.4MF 3— 0.3 100-1,000 ra 12.4 - 1.24LF 300-30 kHz 1-10 km 1,240 - 124 peVVLF 30-3 10-100 km 124 - 12.4VF 3-0.3 102-10® km 12.4 - 1.24ELF 300-30 Hz 10®-10* km 1,240 - 124 feVSub ELF 30-0 lO^ -oo km 124 - 0SF 0 00 0
UV: ultraviolet,RF: radio-frequency,MW: microwave,EHF; extremely high frequency,SHF; super-high frequency,UHF: ultra-high frequency,VHF; very high frequency,HF: high frequency,MF: medium frequency,LF: low frequency,VLF: very low frequency,VF: voice frequency,ELF: extremely low frequency.Sub ELF: sub-extremely low frequency,SF: static electromagnetic fields.T=10^ ,^ 0=10®, M=10*, k=lQ3, m=10“^, p=10"®, p=lQ-^\ and f=10-i\ n=lQ-®.
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health problems, power frequencies(50/60 Hz) EMF is probably the 
most important source. Therefore, the following sections(the 
interaction mechanisms, biological effects, and health effects 
of EMF) will focus on the fields within the ELF range. Static 
fields and EMR(radiofrequency an microwave) are beyond of this 
study.
6.2 Sources and Exposure Levels of Electromagnetic Fields
The sources of EMF include natural and man-made sources. 
Natural EMF is mainly from the earth and solar system. Man-made 
sources are more important than natural sources when considering 
exposure and health effects.
Na.tura.1 Sources Electromagnetic fields, both ionising
and non-ionising are natural feature of our environment. The sun 
radiates electric and magnetic fields in the infrared, visible 
and ultraviolet regions. Cosmic rays arriving at the earth from 
outer space are another source of extra-terrestrial EM radiation. 
The earth itself has both an electric and magnetic field. The 
magnetic field is about 29 fj,T at the equator and 63 {iT at the 
poles. The earth also has a vertical electric field of 120-150V/m 
in fine weather conditions although this can increase up to 3 -
10,000 V/m during a thunderstorm. These fields are direct 
current(DC) fields, or static fields; but in addition there are 
a number of alternating current(AC) or time-varying fields 
originating from electrical storm activity. These so-called 
Schumann resonances at 9 Hz, 15 Hz, 20 Hz, 26 Hz, and 32 Hz can 
travel long distances and are a source of extremely low frequency 
fields which are present most of the time in the atmosphere
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(Hawkins 1992).
Man-made Sources In addition to natural sources of EMF,
man is now exposed to an ever-increasing power and complexity of 
electromagnetic frequencies. Since the beginning of the century 
we have been exposed to an exponential rise in the power of 
radiated fields, but perhaps more importantly the range of 
frequencies of these fields is now being greatly extended. Since 
the advent of the transistor and microelectronics the range of 
frequencies that we can generate has dramatically increased to 
fill most of the region from 10^  ^Hz downwards. These frequencies 
are being used for radar, television, radio, radio-telephones, 
military communications and other forms of communication.
Electric power lines are one of the many sources of 
exposure. Although many electric applications produce localized 
fields of greater strength, more people are exposed to high 
fields to power distribution sources so power lines are the most 
important source for human exposure at the ELF range.
6,2.1 Electrical Fields
The electrical fields of the Earth consist of a static 
component, which is dominant and a time-varying component, which 
is smaller than the static component by several orders of 
magnitude. The fields are characterized by vertical components 
Eg and for the electric and the magnetic fields, respectively, 
as well as by two horizontal components E^ y^, and H^ ,y.
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6.2.1.1 Natural ELF Electrical Fields
The most important sources of man-made fields in the ELF 
range operate at the power frequencies of 50 Hz or 60 Hz. The 
natural electric field strength at the power frequencies of 50 
or 60 Hz is about 10"^ V/m, whereas near to an 800 kV power line 
the field is above 10 kV/m. This means that fields in the close 
vicinity of high-voltage(HV) transmission lines are 10® times 
stronger. The fields introduced into homes by wiring or 
appliances are still about 10® - 10® times stronger than the 
natural background(see Table 6-3).
The alternating fields at low frequency are related to 
thunderstorm activity and magnetic pulsations that produce 
currants within the Earth(telluric currents). The strength of 
the Earth's electric field varies in time and over the frequency 
range 0.001 - 32 Hz. In the frequency range of 5 - 32 Hz field 
strengths of 10"^  - 0. 5V/m for Eg can be measured. These fields 
are related to atmospheric changes(atmospherics), and their 
amplitudes decrease with increasing frequency. Characteristic 
levels of electric field in different environments are summarized 
in Table 6-3.
6.2.1.2 Man-made ELF Electrical Fields
The principal man-made sources of ELF are HV transmission 
lines, and all devices containing current-carrying wire, 
including equipment and appliances in industry and in the home 
operating at power frequencies of 50 Hz in most countries and 
60Hz in North America.
High voltage lines are operated at standard voltages up to 
750 or 765 kV. The construction of 1,000 - 1,200 kV or 1,500 kV 
lines is in progress or at various stages in planning.
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Most widely used are alternating current 3-phase lines 
comprises 3 single or 3 sets of conductors under high-voltage and 
1 or 3 grounded conductors that protect the live conductors 
against lightning.
Table 6-3, Typical exposure levels from electric field sources.
E Field Source 
Earth:
Freauencv Range(Hz) Electric field strength
Office and household:
HV AC power lines: Overhead trans­mission line110 kV 245 kV 380 kV 800 kV Generating stations 110 kV 245 kV 380 kV 800 kV Transmission line, railway
Communications: VLF-Station
RF-Station
0.001
7.5265
50 & 60
50 & 60
8.4271,000
0.2 - 1000 V/m (short duration pulses) 10’® V/m
50 & 60
16 2/3 
30,000
1,400,00010,000,000
10’“-0.5 V/m
2 - 500 V/m (at 30 cm distance from various appliances)
maximum field strength under transmission line1 - 2  kV/m2 - 3  kV/m 5 - 6  kV/m10 -12 kV/m
maximum field strength 5 - 6  kV/m 9 -10 kV/m 14 -16 kV/m 14-16 kV/m
2 - 5  kV/m
300 V/m(2mw, distance)70 V/m(200m distance)
50m
Industrial equipment:Induction brazing 300,000 to or hardening 600,000
450 V/m (l.Bmw, 50m distance) 243 V/m (750kw 25m distance) 30 V/m (200m distance)
810 V/m (unscreened at work place)10 V/m (screened)
Source: Grandolfo et al. 1985, and WHO 1984
At ground level, beneath high-voltage transmission lines.
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the electric fields created have the same frequencies as those 
carried by the power lines. The characteristics of these fields 
depend on the line voltage, and on the geometrical dimensions and 
positions of the conductors of the transmission line. The field 
intensity selected for reference or comparison purposes is the 
undisturbed ground level electric field strength. To avoid the 
effects of vegetation of irregularities in the terrain, the 
unperturbed field strength is usually computed or measured at the 
given height above ground level(0.5, 1, 1.5, or 1.8m).
There are several primary influences on the electric field 
strength beneath an overhead transmission line. These include :
• the height of the conductors above ground, which is 
influenced considerably 'by the ambient temperature and 
heating caused by the current passing through the 
conductor.
• the geometric configuration of conductors and earthing 
wires on the towers, and in the case of two circuits in 
proximity, the relative phase sequencing;
• the proximity of the grounded metallic structure of the 
tower;
• the proximity of other tall objects(trees fences etc.)
• the lateral distance from the centre line of the 
transmission line;
• the height above ground at the point of measurement, and
• the actual (rather than the nominal) voltage on the line. 
Inside buildings near HV transmission line, the field
strengths are typically lo^er than the unperturbed field by a 
factor about 10 - 100, depending on the structure of the building
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and the type of materials(Bernhardt 1988a),
Conductor height, geometric configuration, lateral distance 
from the line, and the voltage of the transmission line are by 
far the most significant factors in considering the maximum 
electric field strength at ground level. At lateral distances of 
above twice the line height, electric field strength decreases 
with distance in an approximately linear fashion.
Occupational exposures that occur near high voltage 
transmission lines depend on the workers's location either on the 
ground, or at the conductor during live-line work at high 
potential. Typical exposure levels in HV-generating stations are 
shown in Table 6-3. When working under live-line conditions, 
protective clothing may be used to reduce the electric field 
strength and current density in the body to values similar to 
those that would occur for work on the ground. Protective 
clothing does not weaken the influence of the magnetic field.
In the home or workplace, ELF electric field sources occur 
near electric wiring, electrical appliances, and light fixtures, 
or industrial electrical machines. Measurements of electric 
fields in typical American homes range from less than 1 V/m to 
about 10 V/m, while fields measured at 30 cm from some appliances 
varied from 2 - 5V/m near a light bulb to several hundred volts 
per metre neat an electric boiler (Miller 1974) . As a rule, values 
appear to be greater than 10 V/m near appliances, and will vary 
with the nominal voltage. Typical values of electric field 
strength in vicinity of home appliances are shown in Table 6-4.
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6.2.2 Sources and Exposure Levels of Magnetic Fields
6.2.2.1 Natural ELF Magnetic Fields
The natural magnetic field is composed of an internal field, 
due to the Earth acting as a permanent magnet, and to an external 
magnetic field in the environment from such components as solar 
activity, telluric currents, atmospheric activity, etc.
Table 6-4. 60Hz electric fields measured 30cm from common electrical appliances.
Electrical Appliances Electric Fields(V/m)
Incandescent light bulb 2Electric range 4Clock 15Vacuum cleaner 16Coffee pot 30Colour TV 3 0Hair dryer 40Toaster 40Hand mixer 5 0Iron GORefrigerator 60Stereo 90Broiler 130Electric blanket 250 - 50 0
Sourece: Miller 1974, Zaffanella et al. 1988.
The internal magnetic field of the Earth originates from the 
electric current in the upper layer of the Earth's core. There 
are significant local differences in the strength of this field, 
varying from about 63 /xT at the poles to about 2 9 jiT at the 
equator(Presman 1971, Benkova 1975). These field strengths also 
vary with time.
The external magnetic field consists of many components 
differing in spectral and energy characteristics(Polk 1974, 
Benkova 1975). The variations in the magnetic fields are related 
to solar and lunar activity, particularly with respect to the ELF
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components, which change over 11-year and 27-day periods and also 
exhibit circadian variations. Other causes of variations in the 
natural magnetic fields are thunderstorms, atmospheric changes, 
and air ionization. About 2,000 thunderstorms are occurring 
simultaneously over the globe, and lightning is striking the 
Earth's surface about 160 times per second; the currents involved 
may reach 2 x 10® A at the level of the Earth (WHO 1984) . 
Electromagnetic fields having a very broad frequency range(from 
a few Hz up to a few MHz), originate the moment lightning strikes 
and propagate over long distances, influencing the magnitude of 
magnetic fields.
The characteristics of the Earth's magnetic field can be 
summarized as follows :
• The amplitudes from 0.05 to 0.1 /xT are at pulsation 
frequencies ranging from 0.002 to 0.1 Hz.
• The geomagnetic pulsations up to 5 Hz are of short 
duration, lasting from a few minutes to a few hours.
• The amplitude of the field decreases with increasing 
frequency from 0.01 nT at 5 - 7 Hz to 0.01 pT at 3kHz.
• At 50 or 60 Hz, the natural magnetic field is 
approximately 1 pT(Polk, 1974).
The geomagnetic field exhibits temporal and spatial 
variations related predominantly to solar activity and local 
magnetic aberrations.
6.2.2.2 Man-made ELF Magnetic Fields
Transmission lines are the main sources of man-made ELF 
magnetic fields. The magnetic field beneath high-voltage overhead
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transmission lines is directed mainly transversely to the line 
axis. The maximum flux density at ground level may be either on 
the route centre line or approximately under the outer 
conductors, depending on the phase relationship between the 
conductors.
Apart from the geometry of the conductor, the maximum 
magnetic field strength is determined only by the magnitude of 
the current. The maximum magnetic flux density at ground level 
for the most common overhead transmission line systems is 
approximately 100 /xT/kA(WHO 1984b) .
In contrast to an electric field, the magnetic field is more 
penetrating and very difficult to shield. It easily penetrates 
human beings and, in the case of an alternating or rotating 
field, induces circulating or eddy currents that are not 
conducted to ground. The internal voltage differences induced 
within the body by a magnetic field from power lines may be as 
high as 1 mV, if the magnetic flux density reaches approximately 
28 ^T(Hauf 1982).
The maximum ground level magnetic field strengths associated 
with overhead transmission lines are of the order of 10 - 50 mT 
and are also related to line height. Unlike the electric field, 
they are also directly affected by the current carried by the 
line. The magnetic flux density decreases in an approximately 
linear fashion with distance from the conductor{Lambdin 1978, 
Zaffanella et al. 1978).
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6.3 Interaction Mechanism of ELF Electromagnetic Fields
with Biological Systems
6.3.1 Interactions Mechanisms of ELF Electric Field
with Biological System 
Several mechanisms have been proposed to explain the
reported effects of ELF electric fields on laboratory animals, 
and in tissues and cells in vitro including;
• External fields induce time-varying electric charges on the 
surface of the body, which stimulate peripheral receptors 
in the skin;
• Induced time-varying electric fields on the surface of the 
body in turn induce electric fields and currents inside the 
body acting at the level of cells.
Electric field coupling occurs through capacitive and
conductive modes. Energy is transferred to the object from the 
E field and an electric charge in the object is put into motion.
The amount of charge involved depends on the size and location
of the object with respect to the E field. When a path to ground 
is provided, the charge movement results in a current flow. If 
the object is insulated from the ground, a potential develops 
with respect to the ground, the magnitude of which depends on the 
capacitance to ground.
The penetration depth of the field lines into the body is 
very shallow at low frequencies. Some reported behavioural 
effects in chickens, mice, rats, and pigs exposed to unperturbed 
fields of 30 - 100 kV/m may be related to sensory stimulation. 
These effects are presented in reports on field perception, 
arousal, avoidance, transitory activity changes, and transitory
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increases in corticosterone levels(Moos 1964, Graves et al. 1978, 
Hjeresen et al. 1980, Sagan et al. 1981, Rosenberg et al. 1983, 
Stern et al. 1983).
With large field strengths, discharges may be detected. 
Small currents flow within the body due to capacitive coupling 
to the fields. In principle, an electric field of sufficient 
magnitude could have a direct effect on biological tissues by 
acting directly on free ions in the extracelluar milieu, on the 
charged portions of the biomolecules, or by interaction with 
electric moments of molecular electronic structure. However, the 
very small internal electric fields that result from capacitive 
or magnetic coupling could not affect covalent molecular 
structures or the electrostatic bonds between molecules, nor 
could there be direct effects on steric structure(Barnes et al. 
1967; Sheppard et al. 1977).
In consideration of ELF electric field interactions with 
neural cells, Schwan(1977) stated that, under a wide range of 
assumptions for cellular shape and cellular electrical 
properties, it was impossible that the largest electric fields 
in air could significantly affect neural membrane potentials by 
the passage of transmembrane currents. Schwan added, however, 
that the anomalous properties at frequencies below 100 Hz, though 
still poorly understood, "provide for more possibilities of 
subtle effects if there are any at all".
Adey(1980) suggested that it is important to take into 
account the possibility that one cell may influence another in 
brain and other tissues through modulation of their shared 
electrochemical environment. The same author (Adey, 1981) proposed
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that amplification of the weak initial stimulus occurs by a 
cascade of intracellular processes taking place at receptor sites 
on the cell membrane surface.
It was suggested by Cain(1981) that voltage-sensitive ion 
channels play a role at sufficiently large field strengths. He 
proposed that an alternating potential across the cell membrane 
may change membrane conductance by interacting with the charged 
groups of the protein macromolecules that gate voltage-sensitive 
ion channels.
Pilla(1980) developed a model for electrochemical 
information transfer at membrane surfaces that involves a minimal 
electrostatic perturbation of the molecular structure. The 
essence of the model is that specific surface adsorption is 
expected to exhibit a significantly longer relaxation time than 
dielectric or electrostatic interactions, due to the number of 
aqueous and membrane steps involved, so that the characteristic 
time for adsorption may be about 10 milliseconds. This is in 
agreement with data obtained from toad bladder membrane(Pilla 
1977) . This mechanism would work in parallel with the charge 
transfer processes already known to occur, and could mediate 
enzymatic reactions to have significant effects on cellular 
chemistry.
Schwan(1982a,b) discussed the possible role of alternating 
field-induced ponderomotoric forces, i.e., forces exerted by 
electric fields on nonpolar particles. The theory developed on 
this basis can be used to explain dielectrophoresis(Pohl 1978), 
rotation, deformation, destruction of cells(Schwan 1982a), and 
electrical cell where electric field strength greatly exceeds
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that which could be produced in tissue by an environmental ELF 
field.
6.3.2 Interaction Mechanisms of ELF Magnetic Fields
with Biological Systems
In general, magnetic fields can induce electric currents in 
the body and could induce effects via the same mechanisms as 
electric field-produced current. The physical mechanisms by which 
magnetic fields interact with living matter has been summarized 
by WHO(1987b) as below:
• At the level of macromolecules and larger structures :
Interactions of magnetic fields with biological 
systems can be characterized as electrodynamic and 
magneto-mechanical in nature.
• Electrodynamic effects originate from the interaction 
of magnetic fields with electrolyte flows, leading to 
the induction of electrical potentials and currents.
• Magnetomechanical phenomena include orientational 
effects on macromelecular assemblies in homogeneous 
fields, and the translation of paramagnetic and 
ferromagnetic molecular species in strong gradient 
fields.
• Time-varying magnetic fields also interact with living 
tissues at both macroscopic and microscopic levels to 
produce circulation currents via the mechanisms of 
magnetic induction.
• At the atomic and subatomic levels:
Two important interactions are the nuclear magnetic
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resonance in living tissues, and the effects on 
electronic spin states and their relevance to certain 
classes of electron-transfer reaction.
For exposures near a HV transmission line, however, the 
smaller magnitude of these magnetically-induced currents 
(generally no more than 25% of the electric field-induced 
currents) has resulted in little emphasis on their contribution. 
The largest current densities occur at the periphery of the body 
and they are lower inside. The details of the above interaction 
mechanisms will be discussed below.
The eddy currents created by ELF magnetic fields in the 
human body cannot be measured directly, but they can be 
calculated and confirmed by measurements in phantom models. The 
biological effects of such induced electric currents are 
discussed above, but any direct magnetic field effects are not 
well understood at present.
Time-varying magnetic fields exert a force on charged 
particles, such as ions or asymmetrically charged molecules. This 
results in circulating electric currents in biological systems 
according to Faraday's law:
J = a E
= 1/2 • a • r • dB/dt 
where J = current density (A/m®) ;
E = induced electric field (V/m);
a - tissue conductivity (S/m, Siemens per meter);
r = radius of the loop (m);
dB/dt = change rate of magnetic flux density (T/s).
Thus, the induced current density is proportional to the
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radius of the loop, the tissue conductivity, and to the change 
rate of magnetic flux density. Theoretically, the largest current 
densities will be induced in the peripheral tissues and will 
decrease linearly towards the centre of the body as the inductive 
loop radius decreases. In reality, the current path will be 
affected by tissue inhomogeneity. The appropriate inductive loop 
radius depends on the relative orientation of the field to the 
body. For a vertical magnetic field vector parallel to the long 
axis of the human body, the appropriate cross-section of the body 
lies in the transverse plane and is approximately circular. For 
a transverse magnetic field vector perpendicular to the body's 
long axis, the appropriate cross-section lies in a vertical plane 
and is irregular. It has been calculated(Rielly 1990) that the 
electric field induced in peripheral tissues by a transverse 
magnetic field is approximately 1.5 times that induced by a 
perpendicular magnetic field of a similar magnitude.
Pulsed magnetic fields induce current during the rise and 
fall time of the pulse, i.e. when the field is changing. For 
sinusoidal fields, the equation reduces to :
J = 7T r / o- Bo 
where f = frequency (Hz),
Bg = magnetic flux density amplitude.
Consequently, the current density increases with frequency 
and magnetic flux density amplitude in addition to tissue 
conductivity and inductive loop radius. For example, for a human 
with a body radius of 0.15 m, a head radius of 0.1 m and a tissue 
conductivity of 0.2 S/m(Siemens/meter), a 50 Hz magnetic field 
parallel to the long axis of the body will induce a current
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density of about 5A/m? per tesla in the peripheral tissues of the 
body and about 3 A/m® per tesla in the periphery of the head (the 
magnetic field values are the root mean square, rms, values). 
Since the current density is proportional to the body radius, 
this parameter has been used as a scaling factor to allow 
comparison between animal and human exposures(see Table 6-5).
Table 6-5. Scaling factors for primates, swine and rodents exposed to 50 Hz magnetic fields.
A n i m a l Effective radius Scalina factor
Man 0.1380 _Swine 0.1380 1:1Macaque monkey 0.0646 2:1Squirrel monkey 0.0478 3:1Rat 0.0322 4:1Mouse 0.0125 11:1
Notes: data from Duraney et al.(1978) and Kaune(1980)
Exposure to time-varying electric or magnetic fields of 
frequencies below 100 kHz, which are sufficient to induce large 
internal electric fields, can result in the stimulation of 
electrically excitable tissue such as nerves and muscles. The 
interaction of these induced electric fields(and currents) is 
comparatively well understood (Rielly 1988) and is known to depend 
on the electrical properties of the cell membrane. The flow of 
current, mainly through the electracellular fluid, induces 
changes in the electric potential that exists across cell 
membranes (usually around 100 mV, the inside negative with respect 
to the outside). Electrically excitable cells such as nerve and 
muscle cells demonstrate a voltage-dependent permeability to 
specific ions. Induced fields sufficient to exceed a threshold 
value of about 1 5 - 4 0  mV across the cell membrane can result in
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an impulse, a self-sustaining wave of depolarisation, which 
travels along nerve or muscle cells eventually causing, for 
example, sensation or muscle contraction. In general, there is 
a characteristic U-shaped dependency of threshold on frequency, 
with the lowest values for most cells occurring between about 1 
and 1, 000 Hz. Above 100 kHz, the cell membranes become 
progressively short-circuited due to the decrease in their 
reactance(Bernhardt 1988b); direct electrical excitation gives 
way to heating somewhere between 100 kHz and 1 MHz.
It is unlikely to be encountered that ELF electric or 
magnetic fields stimulate directly nerve or muscle tissue in 
domestic or occupational situations. Of much greater significance 
for human health would be more subtle effects of weak induced 
electric fields on electrical activity, mainly in the central 
nervous system. In contrast to the 'all-or-nothing' nature of 
nerve impulse transmission along, for example, peripheral nerve 
fibre tracts, the regions of nerve cell membranes which sustain 
slowly varying potentials are likely to be sensitive to these 
weaker fields. For example, the post-synaptic regions of nerve 
cells in the brain and spinal cord serve to integrate the small 
changes in membrane potential(of about 1 mV) resulting from the 
multiple inputs, either inhibitory or excitatory, received from 
other nerve cells(in the form of neurotransmitter substances). 
Induced fields could affect these potentials, or indeed modulate 
neurotransmitter release at much lower levels than those required 
to initiate nerve impulses. In addition, the effects of small 
changes may be accumulative over groups of nerve cells. In this 
respect, any effect is more likely to result in a subtle
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alteration in central nervous system function such as memory or 
reasoning.
Changes in membrane potentials are ubiquitous biological 
signals; it can be expected that other aspects of cell function 
will respond to changes in membrane potential, and will be 
affected by these induced currents. However, the cell membrane 
impedance would serve to 'shield' internal structures such as the 
cell nucleus from any direct interaction(Schwan 1983). The view 
that much weaker fields, such as those encountered in the home, 
can have biologically significant interactions is more 
controversial. A fundamental difficulty with this concept is that 
the internally induced electric fields will be so minute that 
they will be completely masked by thermally generated electrical 
noise. This is defined thermodynamically to be proportional to 
y (kT Av) where k is Boltzman's constant (1.381 x 10"®® J/K), T is 
the absolute temperature of living tissue(310 K), and is the 
frequency bandwidth over which the noise is considered.
An implication of this relationship is that an interaction 
mechanism restricted to a narrow frequency band(indicating a 
resonant-type response) may respond to a much lower level of 
signal; the signal-to-noise ratio is increased and a weaker 
signal is theoretically detectable. Making very simple 
assumptions. Weaver et al.(1990) calculated that for a response 
bandwidth limited to only 10 Hz, the minimum detectable field 
strength(in tissue) by elongated cells such as fibroblasts could 
be as low as about 10"® - 10"® V/m. An alternative hypothesis put 
forward by these authors was that cellular responses, which are 
effectively time integrated or averaged over a period of time.
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would also improve the signal-to-noise ratio; the random effects 
of noise would cancel out. Thresholds of around 10"* and 10"® V/m 
were calculated for elongated and spherical cells, respectively, 
exposed at 1 kHz over a period of 1, 000 seconds. The authors 
noted that these values are in approximate agreement with 
threshold conditions reported for observations of weak field 
effects such as those reported on protein synthesis in 
fibroblasts(Mcleod et al. 1987).
A number of authors have suggested interaction mechanisms 
which might account for the experimental observations of 
responses to very weak fields. Adey(1981) proposed the cellular 
responses to external ELF magnetic fields may involve an 
amplification process in which a weak electric field induced in 
the extracelluar fluid acts as a 'trigger' for the initiation of 
long-range co-operative events within the cell membrane. The 
stored energy resulting from this collective mode of molecular 
excitation may be released through the activation of ion pumps 
or enzymic reactions within the membrane (Mcleod et al. 1987, Adey 
1981, Lawrence et al. 1982, 1983, and Adey 1983.) . A model of 
membrane interactions in which the effect of the imposed electric 
field is to decrease the mean lifetime of ligand-receptor 
complexes on the membrane surfaces has also been suggested 
(Chiabrera et al. 1984). Liboff(1985) proposed a 'cyclotron 
resonance' hypothesis in which low level ELF electromagnetic 
fields combine with the local static geomagnetic field(10 - 100 
IxT) to affect cell function by increasing the movement of ions 
through cell membranes. It was suggested that ions moving in a 
helical path thorough a membrane ion channel would show a
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characteristic frequency of rotation or 'resonant' frequency 
dependent on the intensity of the static field and the 
charge/mass ratio of the ion. Kinetic energy could be imparted 
to these ions by an ELF field of the resonant frequency. There 
are a number of theoretical objection to this proposed 
interaction mechanism (Halle 1988, Polk 1989, and Sandweiss 1990) . 
For example, the radius of the helical path necesssry for this 
mechanism to operate was calculated as about 50 m, and the mean 
collision frequency of ions in biological material was estimated 
as orders of magnitude too high to allow an effective transfer 
of energy (Sandweiss 1990) . Despite these objections, however, the 
concept of a resonant interaction dependant on a combination of 
static and time-varying electromagnetic fields receives elegant 
support from one study(Smith et al. 1987). Some of the 
difficulties were circumvented in a recently proposed physical 
mechanism(Lednev 1990 and Male 1990) in which a combination of 
weak static and time-varying fields would alter the affinity of 
the ion binding site of proteins, having a maximal effect at the 
ion's Larmor frequency, which is half the resonant frequency. It 
was noted(Male 1990) that changes in the binding constant are 
associated with changes in biological activity of the protein.
These 2’ mechanisms offer insight into the conditions 
necessary for biologically significant interactions to occur at 
low levels of exposure; however, they await experimental 
confirmation. It is clearly important that any interaction 
mechanisms be identified, since they will determine the 
appropriate exposure conditions for biological and 
epidemiological investigation.
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6.4 Biological Effects of ELF Electromagnetic Fields
Biological investigations are normally conducted using 
various animal species, including mainly rats and mice, but a 
wide variety of other subjects such as insects, birds, dogs, 
swine, and non-human primates are also used since human subjects 
cannot be used for studies that could potentially cause harmful 
effects. A broad range of exposure levels have been employed, and 
an equally large number of biological end-points have been 
examined for evidence of possible electric-field effects. Since 
all animal studies cannot be discussed, this discussion will be 
limited to studies having some bearing on health risk assessment. 
Experiments not discussed will be summarized in the tables. Some 
studies showed effects from exposure, and others showed no 
effects. There is general consensus among scientists that 
exposure to electric fields produces biological effects; however, 
more data are still needed to determine whether these effects 
constitute a hazard.
Many studies have been performed based on the explicit or 
implied hypothesis that because electrochemical processes are 
involved in nervous system functioning, there might be an 
interaction of the electric field with the nervous system. Such 
hypotheses became of greater interest when initial reports on 
linemen and switch-yard workers(Asanova & Rakov 1966, Korobkova 
et al. 1972) suggested the occurrence of a generalized alteration 
in central nervous system function. The general physiological 
hypotheses such as expectation that electric field exposure for 
a long period of time might induce a stress response, alter 
cardiovascular function, affect immune responses, or alter
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various biochemical and physiological variables, especially blood 
chemistry and blood cell populations, and behaviour.
6.4.1 Cellular and Membrane Studies
The effects of electric fields on in vitro systems have been 
studied in a few laboratories. With these studies, it is possible 
to use large sample sizes and to have a high degree of control 
over experimental variables. Such studies also provide a more 
direct investigation of the possible mechanisms of interaction 
between a biological system and an electric field. However, the 
most serious problems with in vitro experiments are those of 
dosimetry and extrapolation. The dosimetric relationship between 
exposure in cellular systems and in whole animals is unclear, and 
extrapolation of results from less complicated systems to human 
beings is extremely uncertain.
Preliminary experiments using cultured Chinese hamster ovary 
(CHO) cells exposed to 3.7V/m showed no effects on cell survival, 
growth, or mutation rate(Frazier et al. 1982). But cell-plating 
efficiency, reflecting a possible alteration in the cell 
membrane, was reduced in cells exposed to 60 Hz fields at 
strengths greater than 0.7V/m.
Studies using a variety of models (Greenebaum et al. 1979a,b. 
Miller et al. 1979) have given contradictory results. Effects on 
cell division, growth, and metabolism may appear at field 
strengths of the order of tenths of 1 V/m or tenths of 1 mT in 
the medium. On the other hand, electrical cell rotation and 
fusion(Pohl 1978) appear only in the range of 10 - 100 kV/m.
Experimental findings suggest that the principal site of
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interaction between ELF fields and the interior of living systems 
is the cell membrane(Adey 1975, 1977, 198 0, 1981; Bawin et al. 
1975, 1978; Sheppard & Dey, 1979, Adey et al. 1981). These
include a 10 - 20% alteration in the calcium exchange from chick 
or cat brain tissues exposed to ELF electric fields, either ELF 
sine wave fields (Bawin et al. 1975, 1978; Blackman et al. 1979a, 
1980, 1982) or amplitude-modulated radio frequency(RF) carrier 
waves of 50, 147, or 450 MHz. The calcium effect is windowed in 
frequency where maximal effects occur for 16 Hz modulation, and 
in the case of direct ELF exposures, Blackman et al. reported 
several windows at 15 Hz and its harmonics up to 105 Hz, in 
fields of less than 100 V/ra in air. A similar narrow amplitude 
window limits the range in field strength (Bawin et al. 1978, 
Blackman et al. 1979, 1982). Bawin et al. (1978) found a
relationship between the observed effect and the ionic 
composition of the bathing medium.
In the case of the ELF modulation of a RF field, the 
magnitude of the effective ELF field (obtained by demodulation of 
the RF field envelope) that acts on the calcium-binding sites 
depends on an unknown efficiency for a demodulation process 
occurring at an unidentified site. Assuming complete 
demodulation, the effective ELF field would correspond to an ELF- 
only field in air of the order of 100 kV/m (Adey 1981) , though by 
use of the RF carrier there is no significant heating of 
tissue(Tenforde 1980) and no known artifact(such as spark 
discharges).
A calcium efflux effect is also reported for in vivo studies 
on the cat (Adey 198 0) . Possible underlying biophysical mechanisms
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and a relationship to the electric properties of the brain 
(electroencephalograph waves or EEG waves) are discussed by 
Grodsky(1976). However, the physiological implication of the 
calcium efflux phenomenon is not known.
Electric field effects on synaptic transmission and 
peripheral nerve function in rats exposed for 30 days to a 60 Hz 
field of effective strength 65 kV/m were studied in replicate 
(Jaffe et al. 1980, 1981). The exposure apparatus was designed 
to eliminate the confounding influence of electric shock current. 
Neurons of the superior cervical ganglion showed significantly 
increased excitability compared with the control group, as 
determined from tests in which the amplitudes of paired compound 
action potentials were measured (conditioning test response or C-T 
response). None of several other indices of neural function was 
altered to a significant extent. The authors interpreted the data 
as evidence of an effect on pre- or post-synaptic mechanisms, 
possibly indicating enhanced excitability, and as evidence 
against a significant effect on nerve conduction mechanisms.
An investigation (Wachtel 1979) in which invertebrate neurons 
from the sea hare aplysia were exposed in vitro to a low- 
frequency electric field indicated a strong frequency dependence 
in response to extracelluar current that included synchronization 
with the applied field. The neuron was most sensitive at 
frequencies below 1 Hz, close to the natural firing rate of 
aplysia neurons, and for a particular neuronal orientation with 
respect to the field. Other data were reported by Sheppard et 
al.(1980) concerning the ELF field exposure of aplysia neurons, 
including transient changes in the firing rate and increased
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variability during exposure to an electric field of 0.25 V/m rms. 
Episodic synchronization between the neuron and the applied field 
was reported at 1.4 x 10"^ A/cm^  (rms) .
In a study by Bawin et al. (1984) on rat brain tissue slices 
exposed to either 50 or 60 Hz electric fields at field strengths 
in the range of the EEG, 1 - 1 0  V/m, evidence was presented of 
long-lasting changes in neuronal excitability that differed with 
field frequency and exposure duration. While 5 Hz fields were 
generally excitatory, brief 60 Hz fields either potentiated or 
depressed the tissue response following field exposure, and 
prolonged 60 Hz fields depressed the response. Although 
potentiation(believed to be due to an effect on synaptic 
mechanisms) can last indefinitely(observations have lasted for 
as long as 7 hours) , the depressed response after 60 Hz exposures 
was transient, lasting about 10 minutes.
In summary, the results of in vitro studies suggest that 
time-varying ELF electric fields may change the properties of 
cell membranes and modify cell function. Some of the effects 
observed on cells and tissues in vitro can be detected in vivo.
6.4.2 Neurophysiological Studies
Blanchi et al. (1973) reported changes in the electroence­
phalograph (EEG) patterns of guinea-pigs exposed for 30 min to a 
100 kV/m, 50 Hz electric field. Gavalas et al. (1970) noted EEG 
spectral power peaks in the hippocampus, and less frequently in 
the amygdala and centrum medianum, in all three monkeys exposed 
in 7 and 10 Hz electric fields (7 V/m peak to peak). Others 
failed to see any EEG alterations in chicks exposed at 40 KV/m
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(Bankoske et al. 1976), and cats exposed at 80 kV/m(WHO 1984). 
EEG effects have not been reported in other studies,
Hansson(1981a,b) reported that Purkinje cells of the 
cerebella of rabbits exposed to the 14 kV/m(50Hz) field of an 
outdoor substation or exposed in the laboratory showed 
pathological changes in the cellular cytoskeleton and alteration 
in the concentration of two glial cell proteins (S-100, GFA) . When 
young rabbits were exposed to 50 kV/m electric field for 6 
months, no ultrastructural changes were found in cerebellar 
cells, nor changes in several plasma hormones(WHO 1984). Jaffe 
et al.(1981) found a significant effect of field exposure(30 
days, 65 kV/m) on neuromuscular physiology for one type of muscle 
(slow-twitch soleus), but not for another(fast-twitch soleus).
The data from neurophysiological tests in vivo and in vitro 
indicate that electric fields may have effects on tissues, 
especially components of the nervous system. The physiological 
significance for human beings exposed to environmental fields has 
not been determined. Information is needed on the relationships 
between biophysical and biological effects. In some in vitro 
studies, the fields or current densities clearly exceed the 
values estimated for internal fields or current densities in 
human beings exposed to environmental fields.
6.4,3 Behaviourial Studies
Among the most sensitive measures of insult to a biological 
system are tests that determine modifications in the behaviourial 
patterns of animals. This sensitivity is especially valuable in 
studying environmental agents of relatively low toxicity
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(Anderson et al. 1984). Behaviourial studies in several species 
provide evidence of field perception and the possibility that the 
fields may directly alter behaviour. In rats, the threshold of 
detection varies from subject to subject in the range of 4 - 10 
kV/m with an average level at about 8 kV/m(Sagan et al. 1981, 
Stern et al. 1983). In mice, responses to a 35 kV/m field were 
reported(Rosenberg et al. 1983); perception was seen in pigeons 
at approximately 30 - 35 kV/m(Graves 1977) , and in pigs at 30 - 
35 kV/m (Kaune et al. 1978).
Hjeresen et al. (1980) reported on field avoidance among rats 
exposed at 75 - 10 0 kV/m(60 Hz) . Preference for shielded areas 
at night was found among pigs exposed at 30 kV/m(Hjeresen et al. 
1982) . However, at 25 kV/m, rats preferred the field region 
during the inactive phase(Hjeresen et al. 1980). Tests of 
aversion in rats exposed to fields of 32 - 130 kV/m produced a 
complex pattern consisting of null effects in some cases(Criem 
et al. 1980) or positive effects in others(Lovely 1982), 
depending on the behaviourial test.
Alterations in rat activity were noted at 1.2 kV/m by 
Moos (1964). Other studies on activity indicated transitory 
increased response on initial exposure of rats or mice at 25 - 
35 kV/m(Hjeresen et al. 1980, Rosenberg et al. 1983), depressed 
activity in chickens exposed at 26 - 40 kV/m(Bankoske et al. 
1976; Graves et al. 1978), and increased activity among bees 
exposed to 4.2 kV/m(Greenberg et al. 1981).
Tests with monkeys at 7 - 100 V/m exposed to frequencies 
typical of the EEG(1 - 32 Hz) showed altered behaviourial
responses in an operant conditioning task(Gavalas et al. 1970,
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Gavalas-Medici et al. 1976), while in other tests involving 
exposure to magnetic and electric fields, behaviour was 
unaffected(DeLorge 1972, 1973). Feldstone et al. (1980) observed 
minor changes in behaviour among baboons exposed to 3 0 
kV/m(60Hz).
Tests on the behaviour of cats exposed to ELF-modulated 
radiofrequency signals were reported to show evidence of long- 
lasting, frequency-specific changes in brain rhythms(EEG), and 
studies of brain rhythms in rabbits exposed to ELF-modulated 
radio frequencies were also reported to show specific changes in 
the EEG(Takashima et al. 1979).
Behaviourial tests which most frequently showed an effect 
of exposure were those relating to detection of the field or to 
activity. Most other behaviourial tests did not change with 
electric field exposure at field strengths up to 10 0 kV/m.
6.4.4 Sensory Studies
Strong electric fields cause hairs to oscillate. The 
movement of hairs on the ear tips of swine was detected 
photographically in 60 Hz electric fields at 50 kV/m (Kaune et al. 
1980) ; rat vibrissae movement was observed in a 50 Hz, 50 kV/m 
field by Cabanes et al. (1981) . Stern et al. (1983) attempted to 
examine field sensitivity thresholds in nude or shaved rats, but 
saw little difference from results with fur-bearing subjects.
Extraordinarily sensitive electroreceptive capabilities 
exist in some species(e.g., Elasmobranch fish), particularly 
where there has been evolutionary adaptation to refine sensory 
organs(Kalmijn 1966, Bullock 1973).
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Cues, including magnetic field direction, seem important in 
birds and in several species ranging from bacteria and bees (where 
ferromagnetic materials have been found)(Gould et al. 1981) to 
dolphins and man (Blakemore et al. 1979) , although the data in man 
are disputed. These findings highlight the fact that 
extrapolation of the results of experimental animal studies to 
man is quite complex. Allowances must be made for differences in 
species sensitivities to ELF fields.
6,4.5 Immunological Studies
In considering the pattern of effects on white cell 
populations, it is of special importance to evaluate the 
immunocompetence of electric-field-exposed animals. Schneider et 
al.(1981) did not find any effects on the response to infection 
in chicks exposed to 2 kV/m. Morris et al.(1982, 1983) did not 
find any effects on cell-mediated or humoral immune response in 
rats or mice exposed to fields of 0.2 kV/m. No effect was 
observed from electric-field exposure on infectivity by a 
leukaemogenic virus in chickens(Phillips et al. 1979).
Evidence from many blood studies on man or laboratory 
animals shows slight changes in white cell populations, almost 
always within the range of normal values. These shifts may, 
however, indicate some alterations involving the immune system. 
Further research is indicated, before a conclusion can be 
reached. Overall, the evidence from many studies indicates that 
animal morbidity and mortality in long-term exposures is 
unaffected, suggesting that the immune response is generally 
unaffected. In a well-designed study(Ragan et al. 1979, 1983),
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in which sources of artefact were carefully eliminated, groups 
of rats and mice were exposed to 60 Hz electric fields at 100 
kV/m for between 15 and 120 days and numerous haematologic an 
serum chemistry parameters were examined. Rigorous statistical 
evaluation of the entire study did not detect any consistent 
effects of electric field exposure.
A large scale study(Winters 1986) exposed human and canine 
lymphocytes to combined 60 Hz magnetic field and electric 
currents, applied directly via agar-bridge electrodes, for up to 
24 hours at magnetic field intensity of 1, 10, or 100 jxT and
electric current densities of 3, 30, and 300mA/m^. No significant 
change were detected.
6.4.6 Cardiovascular Studies
Cardiovascular function can be assessed by measuring blood 
pressure and heart rate and by performing ECGs. So far, reported 
evidence of changes in cardiovascular function has been limited 
and contradictory. In early studies, a decrease was reported in 
the heart rate and cardiac output of dogs exposed to 15 
kV/m(Gann, 1976), and an increase in heart rate in chickens 
exposed to 80 kV/m(Carter et al. 1975). Comprehensive studies in 
rats showed no effects from exposure to 100 kV/m(Hilton et al. 
1980). Transient increases in blood pressure in dogs exposed to 
field strengths greater than 10 kV/m have been reported (WHO 
1984) . Silny(1986) reported that ectopic beat has been induced 
in heart of dogs exposed to one period of a sinusoidal 50 Hz 
magnetic fields at 2.4 T.
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6.5 Health Effects of ELF Electromagnetic Fields
The information on the effects of exposure to ELF
electromagnetic fields on human beings are from the following
studies :
• Health surveys of people with occupational exposure to ELF 
fields such as high-voltage linemen, utility, substation, 
and switch-yard workers;
• Epidemiological studies of inhabitants near high-voltage 
transmission lines, power distribution lines, and 
substations;
• Experimental studies on volunteers exposed to ELF fields 
under controlled conditions.
• Follow-up studies of patients exposed to ELF fields as a
result of medical applications.
In epidemiological studies, it is difficult to obtain 
quantitative, unbiased data that can be reliably interpreted. Two 
problems with most of the human studies to date are the failure 
to obtain measurement data on the level and duration of exposure, 
and the failure to include an appropriate control group that is 
comparable in all respects to the exposed group, except for 
exposure to the electromagnetic field. While this does not 
necessarily invalidate the results of such studies, these 
shortcomings must be taken into account.
There is no good substitute for reliable epidemiological 
data for the evaluation of general population and occupational 
health aspects of EMF exposure. Data from present studies are 
insufficient to draw any conclusion because of the possible bias 
in methodology, in particular to the relation between EMF
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exposure and cancer(Draper 1993) and the inconsistency of the 
results. For example, two studies conducted recently, one a 
Danish study(Olsen 1993) and the other is Finnish study(Verkasalo 
1993), both had contradictory results on childhood cancer and 
exposure to EMF.
6.5.1 Health Surveys of People Occupationally Exposed
to Power Frequency Fields
An exhaustive list of available papers on the health status 
of linesmen and substation(switch yard) workers of high voltage 
transmission systems, 50 Hz in Europe and 60 Hz in North America, 
can be obtained by combining the references quoted by Carstensen 
1987), Michaelson(1979, and WHO~UNEP-IRPA(1984) . Clinical, 
physical and laboratory examinations, as well as questionnaires 
were used to evaluate general indices of health. Sample sizes 
ranged from 9 to 542 (Nordstrom et al, 1983), but usually 30 to 
160 persons were examined. Frequently results obtained with the 
same subjects were included in different publications or follow- 
up studies. This makes it difficult to estimate the total number 
of exposed persons examined, but it seems to amount to about 
3,000. In the majority of studies control groups were not 
examined.
Subjective symptoms, such as fatigue, headaches and 
irritability, minor cardiovascular and gastrointestinal 
disturbances, and shifts in blood picture were reported in 50 Hz 
substation workers by Knickerbocker (1975) , and in the collection 
of USSR papers translated by Knickerbocker(1975). Several 
neurological tests, including measurements of reaction
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time (Sazonova 1967) carried out at the end of the working day 
indicated subtle changes in the function of the nervous 
system.
Examinations carried out by Knave et al.(1979) or workers 
exposed to 50 Hz fields, and by Roberge (1976) and Stopps and 
Janischensky(1979) on workers exposed to 60 Hz failed to reveal 
any of these changes. The cross-sectional studies of Knave et 
al. (1979) and Stopps and Janisckensky(1979) deserve special 
attention because of the careful design, including the use of 
matched control groups, detailed data on exposure conditions, and 
a large number of investigated endpoints. Unfortunately the small 
number of exposed persons examined, 3 0 in the 60 Hz and 53 in the 
50 Hz report, reduces the significance of these two studies.
In summary, the reports on the health status of about 3,000 
persons, mostly men, occupationally exposed to sinusoidal 50 or 
60 Hz electric fields for various periods (up to 20 years) of time 
did not reveal any specific pathology or syndrome, characteristic 
for this group. Minor disturbances in the function of the 
nervous, gastrointestinal, and cardiovascular systems reported 
in earlier studies were not found in later, and better designed. 
Similarly, shifts in blood composition were not confirmed. The 
health status of this group seems not to differ from that of the 
general population based on accepted medical norms. Where 
comparisons were made between exposed and control groups, no 
differences of health significance were found.
Nordstrom et al. (1983) examined retrospectively the 
incidence of congenital malformations in the progeny of 542 male
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employees of the Swedish State Power Board. Diverse congenital 
abnormalities, multifactorial or polygenic, were found in 10% of 
115 children of substation workers, compared to 2.7% incidence 
in the control group. No differences between offspring of men 
working on 400 kV, 130-200 kV, or 70 kV installations were seen. 
The statistical power of the study is low, and it should be 
considered as indicative of the need for further studies of 
effects of exposure or reproduction, and not as evidence that 
such effects exist.
Nordstrom et al. (1983) also studied the chromosomes of 20 
substation workers using peripheral blood lymphocyte cultures. 
This study was presented in more detail by Nordenson et al. (1984) 
and supplemented by in-vitro studies. Chromosome abnormalities, 
mostly breaks and gaps were found in lymphocytes of substation 
workers. Similar abnormalities could be induced in-vitro by 
passing brief high intensity pulsed(<0.3 us) currents through 
human lymphocyte cultures supposedly simulating fields associated 
with spark discharges.
Bauchinger et al. (1981) and Hauf (1985) did not find any 
differences between the frequency of chromosomal aberrations and 
sister chromatid exchanges in peripheral blood of control 
individuals. It should be noted here that chromosomal aberrations 
induced in peripheral blood of lymphocytes by spark discharges 
do not provide a satisfactory explanation for effects on male 
germ cells, nor does the absence of such observations indicate 
that no such effects occur.
The highest levels of human exposure to E fields occur among 
linesmen and switchyard workers. Knave et al.(1979) and Stopps
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and Janischewsky(1979) examined the amount of time during the 
working day and during execution of typical duties spent by these 
workers in environments with various unperturbed E field 
strengths. Their data and those of Deno(1979), indicate that 
switchyard workers are exposed one third to one half of their 
time to less than 5 kV/m, and to fields between 5 and 10 kV/m for 
about 60% of their working time. The remainder of time is spent 
in fields up to 2 0 kV/m. Exposures to fields above 20 kV/m seem 
to be rare, and usually do not exceed 3 0 kV/m. Exposures of 
linesmen may be higher, more frequently to fields of 3 0 kV/m, no 
precise data could be found in the literature.
6.5.2 Epidemiological Studies on General Public Population
There has been few epidemiological study on electromagnetic 
sensitivity published. Most of the studies in epidemiology on EMF 
and health are on the relationship between EMF exposure and 
cancer(mainly leukaemia). Wertheimer and beeper(1979) reported 
a 20 to 30 percent increase in incidence of leukaemia among 
Colorado children, presumably exposed to fields from high 
electric current configuration. Magnetic fields were estimated 
according to the electric current by scoring the type of 
electrical wiring configuration close to the homes into 
categories of high or low current configuration. They(Wertheimer 
and beeper 1982) extended their work to a study of the incidence 
of adult cancer in those living near high-current electric 
wiring. The associations demonstrated were not dependant on age, 
urbanicity, neighbourhood or socio-economic level and were most 
clearly demonstrated where urban/industrial factors were not
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present to obscure the pattern. The four types of canecr that 
appeared to be particularly elevated in the exposed adult 
populations were cancer of the nervous system, uterus, breast, 
and lymphocyte. The authors suggested that magnetic fields might 
have a tumour-promoter effect, since the increases were maximal 
at 7 years from the time of taking up the residence in the area.
These preliminary studies have limitations common to many 
epidemiological studies involving cohort selection and additional 
problems suggesting possible biases in the techniques for scoring 
the wiring configurations, and in the assumption that the scoring 
technique accurately determines magnetic field strength levels 
among the cases examined. Further questions are raised, because 
cases were ascertained after death, and therefore no account was 
taken of cancer cases still alive and, because birth and death 
addresses were used, again introducing the potential for observer 
bias. Considerable interest has been provoked by these findings 
and it is expected that many of the issues will be dealt with in 
future research.
Tomenius et al.(1982) and Tomenius(1986) reported an 
increased incidence of tumours(malignant and benign) in children 
living in homes where the magnetic field outside the front door 
was more than 0.3 fxT. The data involved a small number of cases 
and again the field measurement was questionable, because the 
relation of personal exposure to the value of the field measured 
outside the home was not established. Tomenius (1986) did not find 
an increased incidence of leukaemia but an increased incidence 
of nervous system tumours in residences with magnetic fields 
greater than 0.3 jiT. Furthermore, if a cut-off magnetic field
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Strength other than 0.3 /xT was used, no association of tumour 
incidence and magnetic field exposure would occur.
These studies, and the preliminary occupational data causing 
some concern in relation to electric or magnetic field exposure, 
must be investigated further to determine whether the suggested 
link with cancer induction or promotion can be established. 
Recently, the results of three studies in England did not show 
any association between magnetic fields and cancer (Coleman at al. 
1985, Myers et al. 1985, McDowall 1986) . It should be noted that 
these studies are open to the same criticisms as those above the 
indicate an association, particularly with regard to the limited 
statistical power and lack of quantification of exposure.
6.5.3 Experimental Studies on Volunteers
Comprehensive studies were carried out by Hauf and his group 
(Hauf 1985) . Volunteers were exposed for various periods, ranging 
from 45 minutes to 5 hours, to 50 Hz sinusoidal E fields of 1, 
13 and 20 kV/m. No effects on blood composition and chemistry 
were found. Amino acid chromatographic studies demonstrated 
increased excretion of thiamine, leucine, lysine, and serine 
after 5h exposure to 2 0 kV/m fields in persons with occupational 
history of exposure. Excretion of the remaining amino acids did 
not differ from control values.
Perception There is some variation between individuals
in their ability to perceive small electric currents and 
discharges. Typically, the perception levels of the most 
sensitive are about one-third of those to which the least 
sensitive react(Dalziel and Mansfield 1950, Larkin et al. 1986).
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ELF electric fields can be perceived because of the field- 
induced vibration of body hair, or the occurrence of spark 
discharges on contact with clothes or ground objects. The 
threshold for perception by hair vibration shows wide individual 
variation{Bernhardt 1988b, Deno et al. 1975, Hauf et al. 1982, 
Sander et al. 1982) : 10% of exposed subjects have detection
thresholds of less than 10 - 15 kV/m at 50 - 60 Hz, with only 5% 
of subjects able to detect fields as low as 3 - 5 kV/m. The 
threshold depends on the relative positions of the head, trunk 
and limbs, simply as a consequence of the different perturbations 
of the incident field caused by various postures and stances; the 
median values for the perception thresholds for parts of the body 
range from 7 kV/m for hand hair to 23 kV/m for head hair, with 
men appearing mire sensitive than women, possibly due to the 
greater number of hairs on the body(Miller 1986). Although these 
effects are not considered to be a hazard, hair vibration and 
tingling can become an annoyance; the threshold for this effect 
was reported(Deno et al. 1975) to be about 1 5 - 2 0  kV/m.
Capacitive spark discharges(microshocks) are generated when 
two objects of different potential come into close proximity and 
the electric breakdown field strength of the air is exceeded. 
These spark discharges will continue as long as the air gap is 
maintained. The current flows across a very small area of skin 
and so results in a high current density which may be 
perceptible, irritating or painful. Exposed persons demonstrate 
stress reactions in the presence of repeated spark discharges 
(Hauf 1982) and increased nervousness and the inability to 
continue work(Deno et al. 1975). The threshold for the perception
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of spark discharges by 10% of a group of volunteers close to an 
earthed object has been reported(Bernhardt 1988b) to be 0.6 - 
1. 5kV/m at 50 - 60 Hz, with a similarly defined threshold for 
annoyance of 2 - 3.5 kV/m. Sensitivity appears to depend on such 
factors as skin hydration, body location and skin 
temperature(Reilly 1987).
A well-designed study(Tucker et al. 1978) found that, in the 
absence of other cues, magnetic fields at intensities comparable 
to those normally associated with occupational exposures cannot 
be perceived by humans. More than 200 subjects were exposed to 
a 60 Hz field at a magnetic flux density(rms) of 0.75 or 1.5 mT 
in an isolation chamber designed specifically to remove 
incidental stimuli that could indicated the presence of the 
field. Previous results (Schmitt et al. 1973) had revealed the 
ability of some individuals to use contiguous stimuli, such as 
noise and vibration, to detect the magnetic field. No evidence 
for perception was obtained, nor was there any evidence to 
suggest that subjects could be conditioned to respond to the 
presence of such fields(Tucker et al. 1978). More recently, it 
was confirmed(Graham et al. 1985) that volunteers were unable to 
sense the presence of 60 Hz magnetic fields of up to 0,04 mT.
Behaviour and Reaction Time It has been suggested
that very weak electric fields may affect behaviour by altering 
reaction time. One study(Konig 1971) reported that a very weak 
electric field(1 - 2 V/m) at 3 Hz increased reaction time, while 
exposure to a field at 10 Hz decreased reaction time. However, 
too few subjects were examined to allow meaningful statistical 
analysis. Another study(Hamer 1968) found that repeated exposure
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to low intensity fields (4 V/m at 2, 6 or 12 Hz) significantly 
increased reaction time to an audio cue. However, the exposure 
regime was complex, the data were not presented and the 
statistical analysis is unclear. Prolongation of reaction time 
was reported by Sazonova (1967).
A series of detailed and well-conducted investigations 
(Graham et al. 1985, 1987, 1990, Maresh et al. 1988) reports that 
exposure for 2 - 6  hours to combined 60 Hz electric and magnetic 
fields (at 6 kV/m and 10 /xT, 9 kV/m and 20 /xT, or 12 kV/m and 30/xT 
had limited behavioral and physiological consequences (Table 6-6) 
Complex, and often conflicting, changes in the amplitude and 
latency of certain evoked components of the EEG during the 
performance of simple and more complex decision-making tasks were 
also found to be significantly affected following exposure to the 
field. However, these physiological changes were not reflected 
in any observable changes in behaviour, or in the performance of 
the tasks themselves, and the authors conceded that these changes 
were all well within the normal ranges typically obtained using 
these measures.
Circadian Rhvthms Studies on human circadian rhythms
conducted over several decades with a total 325 volunteers, 
reviewed in detail by Wever(1970, 1977, 1979, 1985), led to the 
hypothesis that weak ELF fields may act as a synchronizing 
cue(Zeitgeber) for circadidan rhythm control. Studies were 
conducted in two underground isolation chambers, one of which was 
electrically shielded to eliminated all external electric and 
magnetic fields. 50 Hz electrical supply fields were minimized, 
but could not be totally eliminated.
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However, for all exposure conditions in both apartments, 
subjects were exposed to additional 50 Hz electric and magnetic 
fields from the lighting and other electrical equipment operating 
within the apartments(Wever 1979); the magnitudes of these fields 
were not reported, but would be expected to be about 10 - 100 V/m 
and about IjuT, respectively.
The chambers created an environment of a comfortable 
apartment. All external Zeitgeber cues were eliminated. Circadian 
rhythms changed, and becamme what is called free-running rhythms, 
with significant individual variations in the period. Exposures 
to 10 Hz square pulses (2.5 V peak-to-peak) could be used to 
obtain partial or complete synchronization of free-running 
rhythms.
This series of observations(Wever 1985) seems to indicate 
a high degree of frequency dependence of bioeffects of weak ELF 
fields, and that 50 Hz weak fields do not affect circadian 
rhythms under these experimental conditions. Several possible 
endocrine or electrochemical mediating mechanisms were discussed 
by Wever (1985) . However, no satisfactory mechanistic explanation 
is available, and no experiments to test possible mechanisms were 
performed.
Psychological Effects In order to circumvent the
perception of hair movement or spark discharge, electric 
currents(estimated to be below perception threshold) were 
directly applied to volunteers via a number of small electrodes 
in order to simulate the current distribution induced by exposure 
to the external field. The peak induced current density in the 
brain was calculated (Edwards 1985, 1986) to be between 4 and
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lOmA/ra^ . Seventy-six male volunteers were exposed to BOOjixA(group 
A) or sham-exposed (group B) for 5.5 hours on day 1 (under double 
blind conditions) . A week later, the conditions of exposure were 
reversed. During each session, stress and arousal levels were 
reported by mood checklist, and psychometric tests of memory, 
attention and verbal reasoning were administered. Comparison was 
made between sessions within each group, not between groups for 
each session. No obvious or simple mental deficit resulted form 
the passage of the current : levels of stress were unaffected in 
both groups, as was verbal reasoning, vigilance and sustained 
concentration. However, levels of arousal and the response time 
for some tests of linguistically complex(syntactic) reasoning 
were significantly affected in group A but not in group B; 
arousal was significantly reduced and response latency 
significantly increased on day 1 (exposed) compared to day 2(sham- 
exposed) . It was suggested that the results for groups A and B 
were consistent with enhanced arousal and a more rapid syntactic 
reasoning response resulting from prior exposure to electric 
currents. However, the experimental design did not allow this 
explanation to be confirmed.
Gibson et al. (1974) carried out a number of psychometric 
evaluations on six subjects exposed to the 0.1 mT field at 45 Hz 
for 22.5 hours. No field-dependent effects were found on visually 
guided motor behaviour or on motor co-ordination. However, 
significant decrements were found in the performance of a test 
which required the subjects to complete correctly as many 
additions as possible within five 1 min periods, and significant 
improvements were found in the performance of a test of short­
CHAPTER SIX 183
term memory which was measured by requiring the subjects to 
respond either to a visual stimulus presented, or to the visual 
stimulus of one, two or three presentations before. The changes 
in performance were not maintained after field termination and 
values returned to control levels. Gibson et al.(1974) stressed 
that these specific results do not indicate a general effect on 
cognitive function.
Magnetic Phosohene At high levels of exposure it is
possible to induce faint, flickering sensations in the periphery 
of the visual field - the magnetic phosphene. The effect was 
increased by increasing the field intensity. The thresholds for 
this effect have been quantified(Lovsund, P. 1979, 1980a,b).
Volunteers were exposed to a magnetic field, generated by an 
electromagnet placed close to their temples, at frequencies from 
10 to 45 Hz and at field intensities between 0 and 40 mT. The 
sensitivity thresholds were found to be frequency dependent with 
a minimum threshold(maximum sensitivity) of approximately 10 mT 
at 2 0 Hz, although threshold values as low as 2 mT have been 
quoted(WHO 1987b), rising at lower and higher frequencies. The 
threshold was also found to be modulated by the luminance level 
and spectral composition of the ambient light and, following dark 
adaptation, was increased with increasing time in darkness.
Such features were considered indicative of a retinal origin 
of magnetic phosphene generation. The response is thought to 
result from the effects of induced electric current on retinal 
cells. The threshold current density at 20 Hz is estimated 
(Budinger 1981) at 20 mA/m^. The same response can be induced by 
electric currents directly applied via electrodes attached to the
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head. However, it is not clear which cells within the retina are 
affected by induced current; the visual receptors (rods and 
cones) are exquisitely sensitive, but, it is thought, only to 
optical radiation. There are a large number of different nerve 
cells within the retina which have an integrative function, 
reflecting the embryological derivation of the retina as an 
outgrowth of the brain. Most of these cells(except the ganglion 
cells which form the optic nerve) exhibit slowly varying 
potentials which sum the effects of different inputs and will be 
intrinsically sensitive to weak electric fields and currents. If 
these cells are affected, then the implication is that nerve 
cells within the central nervous system(which also have 
integrative functions) will also be susceptible to electric 
fields and currents of a similar magnitude.
Rapid movement in a static magnetic field will also induce
electric currents. Redington et al. (1988) reported phosphenes and 
vertigo in people working in and around fields of 4 T. In some 
cases, headaches and nausea were also reported.
In summary, observations on human volunteers exposed to 
sinusoidal 50 Hz E fields up to 2 0 kV/m and for periods up to 5 
hours did not reveal adverse health effects. Reaction time is not 
affected by 30 minutes of exposures up to 4.4 kV/m fields. A 
prolongation of the response time was documented for exposures 
at 10.9 kV/m. Studies on effects of square wave 10 Hz fields 
indicated that human circadian rhythms are affected under
conditions of absence of other Zeitgebers. This effect seems to
demonstrate a narrow band frequency dependence and occurs at very 
low field strengths. Only limited data are available on the
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frequency dependence of this phenomenon, no data on dependence 
on field strength are available.
There have been relatively few laboratory studies on the 
effects of exposure to electric and magnetic fields on humans. 
The available evidence suggests that, apart from the perception 
of the field resulting from induced surface charge, the effects 
of exposure to fields of up to 20 kV/m are few and subtle, and 
may be masked by normal biological variation. ELF magnetic fields 
not appear to affect human physiology or behaviour at the 
intensities encountered occupationally or in the home, but do so, 
however, at very high intensity fields.
Finally, there is still no conclusion on the question of 
exposure to electromagnetic fields and cancer. However, it is 
worth to have a brief discussion.
It is very likely that ELF electromagnetic fields can alter 
pineal gland function by decreasing melatonin synthesis and 
release {Wilson, et al. 1990) . It has been proved by Blask et al. 
(1988), Maestroni et al. (1986), and Cohen et al. (1978) that 
melatonin has the effects of:
reducing the growth and metastasis of several cancers; 
stimulating immune function in whole animal; and 
inhibiting the growth of reproductive cells, such as those 
in gonads.
A hypothesis was therefore proposed that reduced pineal 
melatonin secretion may be a factor in inducing cancer, such as 
breast cancer(Cohen et al. 1978, Bartsch 1981). So far, there has 
not been enough evidence that exposure to ELF electromagnetic 
fields increases cancer risk. Further scientific studies are
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needed to reduce the uncertainty currently associated with the 
question of exposure to electromagnetic fields and cancer.
6.6 Electromagnetic Fields, Chemical Sensitivity and the
Sick Building Syndrome
Whilst at high levels, electromagnetic fields have certain 
biological and health effects, it is less clear whether there is 
a chronic effect at the normally much lower levels encountered 
in everyday life. Some people however claim to be hypersensitive 
to electromagnetic field, in much the same way as those (often the 
same people) claim to be sensitive to chemicals.
There are not many studies on electromagnetic fields and 
chemical sensitivity or on electromagnetic fields and the sick 
building syndrome. Rea and colleagues(Rea et al. 1991) conducted 
a study, the results of which showed that people with chemical 
sensitivity respond to challenges at certain electromagnetic 
field frequencies.
Sandstrom et al. (1993b) found the levels of magnetic fields 
in 22 office buildings, of which 11 were with high prevalence of 
SBS symptoms and 11 with low prevalence of SBS symptoms, were not 
significantly different. Generally, both negative and positive 
air ions were low in offices.
However, Sandstrom et al. (1993a) found that power frequency 
uniform magnetic fields can induce VDU jittering at the level of 
0.6 - 1.1/xT, and there was a dose-response relationship, i.e. 
jittering was faster as magnetic field strengths increased. VDU 
screens jittering will apparently affect eye comfort of VDU 
users. The levels of magnetic fields which cause VDU jittering
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intolerable for VDÜ users varies with the manufacturers of the 
VDUs.
Most VDUs have low equivalent electrostatic potential on the 
screen and a low intensity VLF magnetic fields thought by some 
to have potential for biological effects(US Congress 1989). The 
U.K. Health and Safety Executive(HSE 1989) considered these 
effects and discounted any link between electromagnetic radiation 
from VDUs and cataracts, miscarriages or facial 
dermatitis(erythema). A Building Research Establishment 
Report(Naismith 1991) concurs with this view and also confirms 
that there is no clear evidence of adverse health effect from 
sources of electromagnetic fields in general (e.g. from lighting, 
photocopiers, electric heating systems) . It remains possible that 
the charge on the VDU screen could create a more dens 
concentration of charged particulates around the face of VDU 
users and thereby contribute to SBS. Alternatively, either 
flickering could play a role or the use of VDUs with 
inappropriate ergonomic provisions could contribute to general 
symptoms.
There have several reports of VDU workers experiencing skin 
symptoms(Linden and Rolfsen 1981, Rycroft & Calnan 1984, Senberg 
1987, Wahlber and Linden 1988, Matsunaga et al. 1988, Berg 1989) 
but no clear reason has been established for this. SBS and 
VDU/skin symptom case and referent groups did not defer in 
previous episodes of acne, atopic or seborrhoeic dermatitis, or 
light sensitive skin.
There is also evidence(Wilson & Hedge 1987) that those who 
work 6 - 7  hours per day at VDUs experienoe more symptoms than
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those who work fewer or more hours. The causation of this effect 
is not clear: it may be that those working 6 - 7  hours happen to 
be the workers who are not 'professional' building research 
establishment(BRE) users, trained in ergonomic use of VDUs, but 
people who use VDUs for long hours as a consequence of their main 
work.
The possible association between SBS and VDU work may not 
be attributable only to VDUs - the workers concerned are probably 
among the least mobile and this may be part of the problem. 
However, if the effect were due primarily to mobility it would 
be expected that all the symptoms of SBS should be associated 
with VDU work whereas only certain symptoms appear to be so 
associated.
Experience cf static electricity has been found to be 
unrelated to SBS symptoms(Wilson and Hedge 1987)
The aim of this part of the study will focus on biological 
and possible health effects of ELF magnetic fields on a potential 
suspectable population - chemically and eletromagnetically 
sensitive patients.
7. MATERIALS
This is a single-blinded study. Subjects were patients 
sensitive to chemicals or multiple chemicals, or electromagnetic 
fields, or both chemicals and electromagnetic fields. Subjects 
and controls were tested with an exposure system, which produces 
uniform magnetic fields within an extremely low frequencies range 
at the level of magnetic flux density of 30 pT or below. 
Symptoms, signs, blood pressure, pulse rate, and pupillary light 
reflex were taken as the parameters of health and physiological 
effects of electromagnetic fields.
7.1 Subjects
81 subjects were tested, 47 patients and 34 controls. 
Patients were from the Breakspear Hospital(England) and the 
Environmental Medicine Centre - Dallas(Dallas, U.S.A.). They had 
been diagnosed as being sensitive to chemicals, including foods 
or electromagnetic fields. They were divided into two groups, 
chemical sensitivity and electromagnetic sensitivity, according 
to their complaints and history. Controls, which were found 
mainly at the University of Surrey, were screened out with a 
questionnaire (Appendix II. Health and Sensitivity Questionnaire). 
Controls were healthy people - not apparently sensitive to 
chemicals, foods, and electromagnetic fields while tested. All 
controls were non-smokers. The subjects and controls sex and age 
are summarized in Table 7-1.
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Table 7-1. Subject distribution by sex and age.
Subject S e  X A c e TotalMale female 20 30 40 £0
Electrical 6 13 4 7 7 1 19Chemical 7 21 3 8 5 7 5 28Control 19 15 12 10 _6 _3 3432 49 15 22 18 17 9 81
7.2 Exposure System
A pair of Helmhotz coils were used to produce uniform 
magnetic fields. Subjects were sitting in between the coils in 
test.
Composition The system consists of a frequency
generator, a power amplifier, a pair of Helmhotz coils, an 
oscilloscope, an ammeter, a power resistor, and a fuse. The fuse 
was for the safety of the subjects tested. The resistor and the 
oscilloscope was to monitoring the frequency, wave form, and the 
voltage of a challenge. The Ammeter was used for monitoring the 
current. Figure 7-1 and Figure 7-2 show the exposure system. The 
Helmhotz coils are shown in Figure 7-3.
Principle The principle of uniform magnetic field
generation is that when the separation between the two coils is 
equal to the radius of the coil, the magnetic field between them 
is relatively uniform while a current flows through the coils. 
This kind of coil is called as Helmhotz coils.
Magnetic flux density (field strength) The fields in
between the coils mainly depends on the current going through the 
coils, the turns of the coils, and the radius or the separation 
between the coils :
B = V2fjinX / 2R
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Where :
B: magnetic flux density, (microtesla, (xT) ;
/x: permeability, 47t«10”‘^;
I: current through the circuit, (ampere. A); 
n: number of the wire turns on coils, (100).
R : radius of the coils or the separation between the 
coils, (0.75 meter);
The magnetic flux density was 30jUT in this design. The turns 
of the coils (n) were 100 and the radius of the coils (R) were 0.75 
meter, so the current (I) required was 252 mA, which was monitored 
with the ammeter.
The oscilloscope was used for monitoring the wave form of 
the challenges, and for a double insurance of the current by 
monitoring the voltage. According to Ohm's law:
V,=IR 
Where :
Vg: effective voltage(root mean square), (volt, V).
I: current, (ampere, A);
R: resistance, (Ohm, Q).
The resistance of the Helmhotz coils (Rcoiis) was 49Q and the 
resistance of the power resistor (Rp^ ) was 10, 12.9 V was
required. Since :
V. = /  V2
and
/ 2
Vmax was monitored with the oscilloscope at a level of 18.2V, and 
the Vp_p (peak to peak voltage) was 37.4 V.
Because the radius and the turns were not adjustable in the
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test the magnetic induction(fields) in the coil mainly depends 
on the current through the coils. The current were easily and 
precisely controlled by adjusting the outputs of the generator 
or the amplifier.
Operation A frequency produced by the generator is
applied to the power amplifier. After amplification, the 
frequency is applied to the circuit, going through the fuse, the 
coils, the ammeter, the resistor, and finally going back to the 
amplifier and generator.
Challenges Nine challenges were used, six real 
frequencies and three placebos. The six frequencies were lOHz, 
50Hz, 60Hz, lOOHz, 200Hz, and 300Hz. Placebo(dummy) exposures 
were accomplished by disconnecting the circuit. The placbos were 
randomly inserted between the six active challenges, which were 
conducted from lower frequency to higher frequency, i.e. the 
first challenge was always the 10 Hz and the last was the 300 Hz. 
The field strength of the challenges were 30pT, a common level 
in an office or at home near an appliance. The time for each 
challenge was three minutes. The interval between two challenges 
were five minutes. The wave form was a sine wave. Table 7-2 
summaries the challenges.
Table 7-2. Challenges frequencies.
Challenge Frequency (Hz)
1 102 503 604 1005 2006 300
* 3 placebos were randomely insertedbetween the frequencies.
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7.3 Physiological and Health Parameters
Symptom, sign, blood pressures, pules rate, and pupillary 
light reflex were taken before test, and after each challenge. 
Blood pressures and pules rate were taken with an electrical 
automatic sphygmomanometer(AH-101). Pupillary light reflex was 
taken with a portable Iriscorder(C2514 Iriscorder made by 
Hamamatsu Photonics K.K. in Japan, and shown in Figure 7-4). The 
binocular Iriscorder was used to measure the details of the 
pupillary light reflexes, including pupillary diameters, 
velocities of constriction and dilation, which are related to 
autonomic nervous controls ;
Dl: initial pupillary diameter(before light stimulus), mm;
D2: minimum pupillary diameter after pupil contraction, mm;
OR; contraction ratio, (Dl- D2)/D1;
A1 : initial pupillary area, A1=tt (Dl/2 ) ^ , mm^ ;
Tl: time form light stimulus to contraction start, msec;
T2: time for half contraction, msec;
T3: time for total contraction, msec;
T5: dilation time from D2 to 63% of Dl, msec;
VC: maximum velocity of contraction, mm/sec ;
VD: maximum velocity of dilation, mm/sec ;
AC: maximum acceleration velocity of contraction, mm/sec =.
Result assessment of the Iriscorder measurements were
referenced with the criteria set by Ishikawa et al. (1979), i.e.
the four types of pupillary response to different pharmacological 
activity of eye drops in pupillary light reflex. The details of 
the four types of pupillary responses to eye drops are shown in 
Table 7-3.
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Table 7-3. The four types of pupillary responses to eye drops.
Punil Response Eve Drop Dl CR T2 T5 VC VD AC
Cholinergic Pilocarpine 11 111 1 -» 111 111 11Cholinolytic Tropicamide Î Î Î Î  1 11 11 tt 11Sympathomimetic Dipivefrin ît-»^ Î 111 -+ îîî 1Sympatholytic Guanethidine 1 1 1  1 îîî 111 -»
Note: change below 10%; Î or 1 : change over 10%;tt or 11: change over 20%;
t t t  or 1 1 1 :  change over 30%.Source: Ishikawa et al. 1979.
7.4 Test Room
Figure 7-5 and Figure 7-6 show the test room, and the 
positions of subjects(in between Helmhotz coils), examiner, and 
equipment in the test room. The exposure system was operated by 
the examiner/experimenter, The screen was to ensure that the 
subjects were unaware of the challenges being administered. The 
generator, the amplifier, and the ammeter were placed on a desk 
more than 2 meters away from patient (coils) to avoid the direct 
influence of this equipment on patients' response to challenges, 
A portable EMF combi-tester (Safe meter made by Safe 
Computing Company, U.S.A.) were used to measure the background 
levels of electrical fields and magnetic fields in and around the 
test room.
Measuring sitesi There were seven measuring spots, five 
in the test room and two outside. Figure 7-7 shows the 
sites of the seven measuring locations.
1. In the test room: five spots(centre and four corners, 
two cross diagonals) were selected as the sites for 
EMF background measurement.
CHAPTER SEVEN 195
2. Out of the test room: corridor and immediately outside
the window.
Measuring time: EMF levels were measured each hour
between 9.00 am - 5.00 pm, i.e. 9 times per day for three 
days.
Measuring heights: EMF levels were measured at four
heights :
1. In the test room:
- head(in sitting) height: 120 cm.
- chest(in sitting) height: 100 cm.
- knee height: 50 cm.
- feet(floor) height: <10 cm.
2. Outside: 100 - 120 cm.
7.5 Test Procedure
Because of the Iriscorder measurement, the tests were 
conducted in the dark. 15 minutes for eye dark adaption were 
taken in order to get baseline levels of the pupillary parameters 
measured by the Iriscorder. Patients were comfortably sitting in 
an armchair in between the two wheels of the coil. The times for 
each challenge were 3 minutes and 5 minutes for an interval, when 
subjects' blood pressures, pulse rate, sign, and symptom, and the 
pupillary light reflex were taken.
7.6 Data Analysis
The procedures of the statistical analysis were conducted 
with the SPSSX on the main frame Unix computer at the University 
of Surrey. Student t-test was the main procedure used.
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1. Group Comparisons
All parameters were compared among the four groups of 
patients and controls, between:
a. electrical and controls,
b. chemical and controls,
c. all patients and controls, and
d. electrical and chemicals.
Group comparison includes comparisons of baselines and 
comparison of active challenges:
• Comparisons of baselines is to compare the baseline 
measurements of the health and physiological 
parameters to see if there is any difference between 
patients and controls before test.
• Comparisons of active challenges is to compare the 
responses of the health and physiological parameters 
to active challenges to see if there is any difference 
in these parameters between patients and controls when 
challenged with active frequencies.
2. Group Self-controlled Comparisons
This is the analysis in each group. Baseline and placebo 
measurements were used as criteria to assess the active 
frequencies' measurements to see if real challenges cause 
any change in subjects. It consists of baseline comparison 
and placebo comparison.
• Baseline comparison is to compare baseline with 
placebo and 6 frequencies; this analysis is to see if 
any difference exist between baseline and placebos, 
and between baseline and the active challenges.
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• Placebo comparison to compare placebo with 6 active 
frequencies to see whether active challenges cause any 
change in the health and physiological parameters in 
patients and controls.
3. Case Analysis
Since this study is a clinical test, individual-self 
comparison was conducted, i.e. using a case placebo's mean 
and standard deviations(SD) of each parameter as 
criteria {mean ± 1.96 SD) to assess the results of each 
challenge of the case. If a challenge's result falls 
outside the range of its placebo's mean ± 1.96 SD, the 
response is regarded as 'positive'. The number of positive 
parameters of each case on each challenge were obtained in 
this way. Chi-square tests were conducted to test the 
difference of the number of positive parameters among 
patients and controls.
<S>n
ammeterAgenerator
amplifier oscilloscope
switch v V \A A “ resistoro—
fuse earth coil
Figure 7-1. Circuit of the Exposure System.
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resistor! Hfus^
Figure 7-2. Uniform magnetic field exposure system.
Figure 7-3. Helmhotz Colls.
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Figure 7-4. C2514 Iriscorder,
COR : CORRIDOR
e : examiner
HC: HELMHOTZ COILS
l+S: IRISCORDER 
AND SPHYG.
S:
W :
SCREEN
W INDOW
HC
W
l+S
WORK
STATION
m
door COR
Figure 7-5. Positions of Subject Equipment and Examiner in Test Room.
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Figure 7-6. Test Room.
W
A, B. C. D, E :
IN TEST ROOM
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WINDOW
door
window B
COR
Figure 7-7. EMF measuring locations in and out of the test room.
8. RESULTS
The results begin with basic statistics of the distributions 
of the subjects tested in sex and age; then the background levels 
of electromagnetic fields in and around the test room; and 
finally the comparisons of the symptoms, signs, blood pressures, 
pulse rates, and the pupillary light reflex parameters between 
patients and controls, and among baselines, placebos, and active 
challenges in each group.
8.1 Subjects and EMF Levels in and out of the Test Room
8.1.1 Subjects
Distribution of the subjects by sex and age is presented in 
Table 7-1. 81 subjects were tested. Of them, 47 were patients and 
34 were controls. Of the patients, there were 19 in the 
electrical subgroup and 28 in the chemical subgroup.
8.1.2 Electromagnetic Field Levels in and out the Test Room
Levels of magnetic and electrical fields in and out of the
test room were presented in Table 8-2 and Table 8-3 respectively. 
The levels in the test room were low, about <0.030 - 0.077 pT for 
magnetic fields; and <2.5 V/m for electrical fields.
8.1.3 Results of the Health and Physiological Parameters
The results of symptoms, signs, blood pressure, and pulse 
are shown in Table 8-3. The results of pupillary light reflex are 
presented in Table 8-4.
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8.2 Group Comparison between Patients and Controls
Symptoms, signs, blood pressure, pulse rate, and pupillary 
reflex parameters were compared between patients and controls. 
This includes the comparisons of baseline measurements between 
patients and controls as shown in Table 8-5, and comparisons of 
responses to active challenges between patients and controls as 
presented in Table 8-6.
8.2.1 Comparison of Baselines between Patients and Controls
All baselines of the health and physiological parameter were 
compared between patients and controls, the results were 
presented in Table 8-5.
Symptoms The common symptoms complained of by patients
before and in test were headache, tingling, tired, and
tinnitus. Patients, the electrical, chemical, and all-patient 
groups had more symptoms than controls before test. Controls had 
no symptom before test. The electrical group had more symptoms 
than the chemical group as well. The electrical group seemed to 
have the most symptoms, on average about 0.8 per person. The 
chemical group had about 0.6 symptom per person, and the all­
patient group had 0.7 on average.
Signs The common signs seen in test were yawning and 
sleepiness. Patients did not have more signs than controls before 
test.
Systolic Blood Pressures The differences in
systolic blood pressure between patients and controls were small,
about 6 - 8  mmHg, and they were therefore not significant.
Diastolic Blood Pressure The difference in
CHAPTER EIGHT 203
diastolic blood pressures between patients and controls was 5 - 
6 mmHg, which is not big enough to be significant for the 
electrical group.
Pulse Rate Controls' pulse rate were about 64 per
minute, slower than patients(67 - 74 per minute), of which the 
electrical and all-patient groups had significantly faster pulse 
rates than control.
Dl, initial pupil diameter There was no significant
difference in Dl between patients and controls, i.e. controls' 
Dl is bigger.
D2, minimum pupil diameter The electrical group had a
smaller D2 than control.
CR, contract ratio No difference was found in CR
between patient and control groups.
Al, initial pupil area It is the same as Dl, i.e. the
electrical group had a significantly bigger Al than controls.
There was no difference between patients and controls in the 
parameters of constriction phase, including Tl, T2, T3, VC, and 
AC.
T5, dilation time from D2 to 63% of Dl Chemical group
had longer T5 than control to baseline.
VD, maximum velocity of dilation The electrical and
all-patients groups had slower VD than control.
8.2,2 Comparisons of Active Challenges
Table 8-6 shows the results of the comparisons of active 
challenges. Although all parameters were tested, it only makes 
sense that the baselines should be compared with active
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challenges in each subgroup. This is done in section 8.3. In 
summary, patients had more signs than control. The chemical and 
all-patient groups had higher systolic blood pressure(60 Hz, 100 
Hz, and 200 Hz) . Three patient groups had longer T2. The chemical 
and all-patient groups had longer T3(10 0 Hz) and the all-patient 
group had slower VC (100 Hz and 200 Hz) . All three patient groups 
had faster AC than controls.
Table 8-7 presents the summary of the comparisons of 
baselines and active challenges between patients and controls.
8.3 Group Self-controlled Comparisons
Group self-controlled comparisons is the comparison using 
baselines and placebos of each group as control to assess the 
active challenges. All parameters were analyzed. The results are 
presented in Table 8-8 through Table 8-24.
8.3.1 Symptoms and Signs
In the electrical group, patients had more symptoms to 
placebo and the 60 Hz challenge when compared with baseline, but 
none of the placebo comparisons was significant, (see Table 8-8) . 
There was no significant differences in the other three groups,
either in the baseline comparisons or in the placebo comparisons.
It can be seen in Table 8-9 that there was no change in 
signs in any group.
8.3.2 Blood Pressure and Pulse Rate
Table 8-10, 8-11, and 8-12 presents the results of systolic 
blood pressure, diastolic blood pressure, and pulse rate
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respectively.
For the systolic blood pressure, both the chemical and all­
patient groups had positive response to 50 Hz in both baseline 
comparisons and placebo comparisons. The differences were 2 - 
4 mmHg. The electrical group had no positive response in baseline 
and placebo comparisons. The control group had significant 
responses in all baseline comparisons, but none in placebo 
comparisons, Table 8-10.
For the diastolic blood pressure, see Table 8-11. The 
electrical group did not have any significant changes in the 
baseline and placebo comparisons. Both chemical and control 
groups had significant response to 50 Hz in the baseline 
comparison, but not in placebo comparison.
In the control group, there was no positive response in the 
baseline comparison, but one to 50 Hz in the placebo comparison.
There was no change of pulse rates in the four groups in 
both baseline and placebo comparisons.
8.3.3 Pupillary Light Reflex
Dl Table 8-13 shows the results of Dl. There was no change 
in the electrical group in both baseline and placebo comparisons. 
In the chemical group, the significant changes were lOHz, lOOHz, 
and 200Hz in baseline comparisons, but there was no change in the 
placebo comparisons. In the all-patient group, there were five 
significant changes in the baseline comparisons, including 
placebo, 10 Hz, 100 Hz, 2 00 Hz, and 300 Hz. As with the chemical 
group, there was no change in the placebo comparisons. The 
control group had significant changes in all the comparisons with
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baseline. Again, there was no change in the placebo comparisons. 
The changes in control group were similar to that of systolic 
blood pressure.
D2 The results of D2 were very similar to those of Dl, but 
less changes, (see Table 8-14 and Table 8-13).
CR There was no any change in CR in both baseline and 
placebo comparisons.
Al Since Al is a conversion of Dl, Table 8-16 an Table 8- 
13 show that Al's results were very similar to that of Dl.
Tl There was no any change in all four groups in Tl, see 
Table 8-17.
T2 The results of T2 are shown in Table 8-18. Electrical 
and all-patient groups had many changes in baseline comparisons 
but not in placebo comparisons. In all four groups, the baseline 
was the longest in each group. This is similar to that of Dl, in 
which the biggest was the baselines in all four groups. This 
phenomenon suggested that VC of the pupil was getting faster as 
the test proceded. The chemical group had significant changes to 
200 Hz and 300 Hz in both baseline and placebo comparisons. The 
control group had the most changes, lOHz, 60Hz, lOOHz, 200Hz, and 
3 00Hz in baseline comparisons; and to 60Hz, lOOHz, 200Hz, and 
300Hz in placebo comparisons.
T3 Table 8-19 presents the results of T3. There is only 
one significant change, which is a prolonged T3 to lOHz in 
placebo comparison in chemical group.
VC Table 8-20 shows the results of VC. The electrical 
group had two changes in the baseline comparisons, the 10 Hz and 
50 Hz, but there was no change in the placebo comparisons in this
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group. In the chemical group, the 200 Hz and 3 00 Hz showed 
extremely significant changes in both baseline and placebo 
comparisons. The all-patient group shows more significant changes 
in the baseline comparisons, 50 Hz, 60 Hz, 100 Hz and 200 Hz; and 
two changes in placebo comparison, at 100 Hz and 200 Hz. The 
control group had more changes than any patient group. Only 10 
Hz did not show change in the baseline comparison. In the placebo 
comparisons, signifient changes were at 50Hz, lOOHz, and 200Hz.
AC Table 8-21 presents the results of AC. The chemical 
group had one significant change, at 300 Hz. The all-patient 
group had one significant change, at 50 Hz. There was no any 
other change in the four groups.
T5 Table 8-22 shows the results of T5. There are two 
significant changes in the electrical group, 50 Hz and 300 Hz in 
baseline comparisons. There are three changes in the all-patient 
group, baseline with 10 Hz, 200 Hz, and 3 00 Hz. There was no 
change in any comparisons in the chemical and all-patient groups.
VD The results of VD are shown in Table 8-23. The 
electrical group had one change, 200 Hz in the baseline 
comparisons, but no any other change. In the chemical group, lOHz 
showed a significant change in the placebo comparisons. There was 
no any change in both the all-patient and control groups.
8,3.4 Summary of Group Self-controlled Comparisons
Table 8-24 and Table 8-25 show the summary of the baseline 
and placebo comparisons of all the health and physiological 
parameters respectively.
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8.4 Case Self-controlled Comparisons
As described in 7.3(data analysis), the positive number of 
parameters of each case (subject) derived in the way of self­
controlled comparison, i.e. placebo mean and standard deviations 
of each case are used as the criteria to assess active challenges 
given to the cases. Table 8-26 presents the summary of the 
positive numbers, which is amplified with more information of 
percentages in Table 8-27. Finally, Chi-square test were carried 
out to test the significance of the positive number of parameters 
between each patient group and the control group, (see Table 8- 
28) . The distribution of the positive number of parameters in all 
four groups are very similar so that there is only one 
significant difference, that is subjects with 4 positive 
responses to the 200Hz challenge between electrical and control 
group, i.e. there were more people with 4 positive responses in 
the electrical group than that in the control group.
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Table 8-1. Magnetic field levels in and out of the test room(pT).
Time Height(cm) In Test Room® Outside^A B C D E Win= Cor*
9:00 120 0.030 0.030 0.077 0.030 0.230 0.030 0.077100 0.030 0.030 0.077 0.030 0.160 0.030 0.07750 0.030 0.030 0.055 0.030 0.098 0.030 0.03010 0.030 0.030 0.030 0,030 0.030 0.030 0.030
10:00 120 0,030 0.030 0.077 0.030 0.230 0.030 0.077100 0.030 0.030 0.077 0.030 0.160 0.030 0.07750 0.030 0.030 0.055 0,030 0.098 0.030 0.03010 0.030 0.030 0.030 0.030 0.030 0.030 0.030
11:00 120 0.030 0.030 0.077 0.030 0.230 0.030 0.077100 0.030 0.030 0.077 0.030 0.160 0.030 0.07750 0.030 0.030 0.055 0.030 0.098 0.030 0.03010 0.030 0.030 0.030 0.030 0.030 0.030 0.030
12:00 120 0.030 0.030 0.077 0.030 0.230 0.030 0.077100 0.030 0.030 0.077 0.030 0.160 0.030 0.07750 0.030 0.030 0,055 0.030 0.098 0.030 0.03010 0.030 0.030 0.030 0.030 0.030 0.030 0.030
13:00 120 0.030 0.030 0.077 0.030 0.230 0.030 0.077100 0.030 0.030 0.077 0,030 0.160 0.030 0.07750 0.030 0.030 0.055 0,030 0.098 0.030 0.03010 0,030 0.030 0.030 0.030 0.030 0.030 0.030
14:00 120 0.030 0.030 0.077 0.030 0.230 0.030 0.077100 0.030 0.030 0.077 0.030 0.160 0.030 0.07750 0.030 0.030 0.055 0.030 0.098 0.030 0.03010 0.030 0.030 0.030 0.030 0.030 0.030 0.030
15:00 120 0.030 0.030 0.077 0.030 0.230 0.030 0.077100 0.030 0.030 0.077 0.030 0.160 0.030 0.07750 0.030 0.030 0.055 0.030 0.098 0.030 0.03010 0.030 0.030 0.030 0.030 0.030 0.030 0.030
16:00 120 0.030 0.030 0.077 0.030 0.230 0.030 0.077100 0.030 0.030 0.077 0.030 0.160 0.030 0.07750 0.030 0.030 0.055 0.030 0.098 0.030 0.03010 0.030 0.030 0.030 0.030 0.030 0.030 0.030
17:00 120 0.030 0.030 0.077 0.030 0.230 0.030 0.077100 0.030 0.030 0.077 0.030 0.160 0.030 0.07750 0.030 0.030 0.055 0.030 0.098 0.030 0.03010 0.030 0.030 0.030 0.030 0.030 0.030 0.030
“ please refer to Figure 7-7 the EMF measuring locations; ^ at 1.0 - 1.2 meter high;° Win = outside near window; ^ Cor = in corridor.
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Table 8-2. Electrical field levels in and out of the test room(V/m).
Time Height(cm) In Test Room® Outside*"A B C D E Win* Cord
9:00 120 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 9.4100 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 14.050 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 27.010 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5
10:00 120 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 9.4100 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 14.050 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 27.010 <2.5 <2.5 <2.5 <2.5 <2.5 <2,5 <2.5
11:00 120 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 9.4100 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 14.050 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 27.010 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5
12:00 120 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 9.4100 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 14.050 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 27.010 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5
13:00 120 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 9.4100 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 14.050 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 27.010 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5
14:00 120 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 9.4100 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 14.050 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 27.010 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5
15:00 120 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 9.4100 <2.5 <2.5 <2,5 <2.5 <2.5 <2.5 14.050 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 27.010 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5
16:00 120 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 9.4100 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 14.050 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 27.010 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5
17:00 120 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 9.4100 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 14.050 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 27.010 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5
please refer to Figure 7-7 the EMF measuring locations; at 1.0 - 1.2 meter high;Win = outside near window;Cor = in corridor.
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Table 8-3. Results: Symptom, sign\and Pulse Rate. Blood Pressure,
Symptom
Sign
SEP
DBF
PR
Challenae Cntrl Elec. Chera. All
Baseline 0.0000 0.7895 0.6249 0.6957Placebo 0.0098 1.2222 0.6071 0.8478lOHz 0.0000 1.1667 0.6429 0.847850Hz 0.0000 0.9474 0.5000 0.680960Hz 0.0000 1.3684 0.6429 0.9362lOOHz 0.0000 0.9474 0.7500 0.9362200Hz 0.0000 0.9474 0.7143 0.8675300Hz 0.0000 0.9375 0.7500 0.8182
Baseline 0.0284 0.1111 0.1429 0.1304Placebo 0.0098 0.1481 0.1548 0.1522lOHz 0.0000 0.1667 0.2500 0.217450Hz 0.0294 0.2105 0,2143 0.212860Hz 0.0000 0.2105 0.2143 0.2128lOOHz 0.0000 0.2105 0.1786 0.1915200Hz 0.0000 0.1065 0.2143 0.1702300Hz 0.0000 0.0625 0.2143 0.1591
Baseline 116 120 123 122Placebo 113 119 122 121lOHz 113 119 122 12150Hz 113 118 119 11960Hz 113 119 122 121lOOHz 112 120 122 121200Hz 112 118 121 120300Hz 112 118 121 120
Baseline 76 81 82 82Placebo 74 80 80 80lOHz 75 80 80 8050Hz 76 79 79 7960Hz 74 79 80 80lOOHz 74 80 81 80200Hz 75 79 82 81300Hz 76 80 82 81
Baseline 64 74 67 70Placebo 63 74 68 70lOHz 64 73 67 6950Hz 62 73 68 7060Hz 65 74 69 71lOOHz 63 72 69 70200Hz 62 74 70 72300Hz 63 73 68 70
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Table 8-4. Results of pupil light reflex.
Parameter Challenae Cntrl Elec. Chem. All
D1 Baseline 6.05 5.65 5.89 5.79Placebo 5.86 5.52 5.74 5. 66lOHz 5,87 5.57 5.85 5.7450Hz 5.85 5.55 5.83 5.7160Hz 5.84 5.49 5.76 5.65lOOHz 5.79 5.57 5.70 5.65200Hz 5.80 5.52 5.73 5.64300Hz 5.79 5.72 5.68 5.69
D2 Baseline 4.05 3.62 3.92 3.80Placebo 3.92 3.56 3.78 3.69lOHz 3.91 3.58 3.89 3.7750Hz 3.84 3.52 3.87 3.7360Hz 3.89 3.53 3.83 3,71lOOHz 3.84 3.54 3.73 3.65200Hz 3.81 3.52 3.76 3.66300Hz 3.89 3.62 3.76 3.70
OR Baseline .3241 .3432 .3332 .3372Placebo .3223 .3502 .3377 .3426lOHz .3253 .3533 .3293 .338750Hz .3356 .3595 .3223 .337360Hz .3181 .3505 .3343 .3409lOOHz .3329 .3595 .3411 .3485200Hz .3329 .3553 .3362 .3440300Hz .3368 .3581 .3364 .3433
ai Baseline 29.71 25.90 28.08 27.13Placebo 27.72 24.83 26.69 25.9610 Hz 28.21 25.33 27.44 26.6250 Hz 27.67 25.05 27.58 26.5660 Hz 27.56 24.55 26.97 25.99100 Hz 27.16 25.05 26.10 25.68200 Hz 27.38 24.75 26.33 25.69300 Hz 26.99 26.34 26.43 26.40
T1 Baseline 255 252 252 252Placebo 253 255 257 256lOHz 257 263 251 25650Hz 248 255 250 25260Hz 254 253 253 253lOOHz 257 257 252 254200Hz 263 259 252 255300Hz 262 257 260 259
continued ...
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T2
T3
VC
AC
T5
VD
continued Table 8-6.
Baseline 301 323 308 314Placebo 287 303 296 298lOHz 282 298 309 30550Hz 287 311 295 30160Hz 272 301 292 296lOOHz 262 302 291 295200Hz 262 298 271 282300Hz 265 298 276 284
Baseline 1022 1137 1148 1144Placebo 1090 1123 1128 1126lOHz 1075 1121 1154 114150Hz 1114 1145 1165 115760Hz 1078 1115 1123 1120lOOHz 1062 1125 1152 1141200Hz 1047 1104 1116 1111300Hz 1074 1183 1144 1162
Baseline 4.35 4.22 4.26 4.21Placebo 4.57 4.32 4.31 4.32lOHz 4.56 4.41 4.20 4.2850Hz 4.80 4.46 4.38 4.4160Hz 4.74 4.42 4.63 4.54lOOHz 4.88 4.42 4.48 4.45200Hz 4.94 4.45 4.56 4.51300Hz 4.76 6.50 4.54 5.25
Baseline 73 62 67 65Placebo 80 62 63 63lOHz 74 63 65 6450Hz 78 69 71 7060Hz 78 58 64 62lOOHz 75 63 63 63200Hz 74 66 66 66300Hz 79 65 73 70
Baseline 1668 1893 1911 1903Placebo 1551 1867 1840 1850lOHz 1549 1774 1819 180250Hz 1554 1748 1857 181360Hz 1619 1782 1900 1852lOOHz 1661 1933 1743 1820200Hz 1611 1845 1765 1798300Hz 1567 1819 1824 1822
Baseline 2.20 1.83 2.02 1.95Placebo 2.40 1.88 1.99 1.95lOHz 2.21 1.96 1.91 1.9350Hz 2.26 1.95 2.00 1.9860Hz 2.20 1.86 2.00 1.94lOOHz 2.16 1.87 1.99 1.94200Hz 2.26 1.93 2.00 1.97300Hz 2.20 1.94 2.04 2.00
CHAPTER EIGHT 214
Table 8-5. Baseline comparisons between patients and control
Parameter Control Elec. Chem. All El
** **
E3
**
E4
Symptom 0.0000 0.7895 0.6249 0.6957 itSign 0.0284 0.1111 0.1429 0.1304 — •*" "SBP 116 120 123 122 -DBP 76 81 82 82 * * «a»PR 64 74 67 70 ** *D1 6.05 5.65 5.89 5.79 “ «a. C»D2 4.05 3.62 3.92 3.80 * C»CR .3241 .3432 .3332 .3372 —Al 29.71 25.90 28.08 27.13 * «W»T1 255 252 252 252 —T2 301 323 308 314 V» - =T3 1022 1137 1148 1144 "= *- «”VC 4.35 4.22 4.26 4.21 d.AC 73 62 67 65 - «= - —T5 1668 1893 1911 1903 — *VD 2.20 1.83 2.02 1.95 ** * «a
Note: Pi =»control and electrical,,s=control and all-patient, _______p<0.01; * = p<0,05; and chemical — p^O.05.
Table 8-6. Group Comparisons between Patients and Controls.
Parameter Challenae Cntrl Elec. Chem. All El
**
Ez
**
Es
**
El
Symptom lOHz 0.0000 1.1667 0.6429 0.847850Hz 0.0000 0.9474 0.5000 0.6809 ** ** **60Hz 0.0000 1.3684 0.6429 0.9362 ** ** ** *lOOHz 0.0000 0.9474 0.7500 0.9362 ** ** ** -200Hz 0.0000 0.9474 0.7143 0.8675 ** ** **300Hz 0.0000 0.9375 0.7500 0.8182 ** ** ** -
Sign lOHz 0.0000 0.1667 0.2500 0.2174 * ** * ■D50Hz 0.0294 0.2105 0.2143 0.2128 * * *60Hz 0.0000 0.2105 0.2143 0.2128 ** * ** —lOOHz 0.0000 0.2105 0,1786 0.1915 ** * * —200Hz 0.0000 0.1065 0.2143 0.1702 * * -300Hz 0.0000 0.0625 0.2143 0.1591 ** * -
SBP lOHz 113 119 122 121 me#50Hz 113 118 119 119 - » -60Hz 113 119 122 121 * * -lOOHz 112 120 122 121 * *200Hz 112 118 121 120 * * —300Hz 112 118 121 120
continued
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continued ••. , 
DBP
215
PR
D1
D2
CR
Al
Tl
lOHz 75 80 80 80 - « «»50Hz 76 79 79 79 m» •» ma60Hz 74 79 80 80 * * * MMlOOHz 74 80 81 80 * * * MM200Hz 75 79 82 81 — * * MS,300Hz 76 80 82 81 — * * “
lOHz 64 73 67 69 * «a. ma50Hz 62 73 68 70 * * * * * MM60Hz 65 74 69 71 * — * MMlOOHz 63 72 69 70 * * * *200Hz 62 74 70 72 * * * * * * MM300Hz 63 73 68 70 * * * * MM
lOHz 5.87 5.57 5.85 5.74 _ on MM MM50Hz 5.85 5.55 5.83 5.71 — «M» W60Hz 5.84 5.49 5.76 5.65 - «M MM MMlOOHz 5.79 5.57 5.70 5.65 ” » MM200Hz 5.80 5.52 5.73 5.64 — -300Hz 5.79 5.72 5.68 5.69 "■ MM
lOHz 3.91 3.58 3.89 3.77 _ =50Hz 3.84 3.52 3.87 3.73 —60Hz 3.89 3.53 3.83 3.71 — OM MMlOOHz 3.84 3.54 3.73 3.65 - — -200Hz 3.81 3.52 3.76 3.66 — MM -300Hz 3.89 3.62 3.76 3.70 - » —
lOHz .3253 .3533 .3293 .3387 MB KM es*50Hz .3356 .3595 .3223 .3373 — — «M MM60Hz .3181 .3505 .3343 .3409 — MMlOOHz .3329 .3595 .3411 .3485 — MM MM200Hz .3329 .3553 .3362 .3440 - M> - -300Hz .3368 .3581 .3364 .3433 — “ MM
10 Hz 28.21 25.33 27.44 26.62 MM MB50 Hz 27.67 25.05 27.58 26.56 MM MM —60 Hz 27.56 24.55 26.97 25.99 M. MM MM100 Hz 27.16 25.05 26.10 25.68 MM MM200 Hz 27.38 24.75 26.33 25.69 - — MM “300 Hz 26.99 26.34 26.43 26.40 — -
lOHz 257 263 251 256 HO MM MM m50Hz 248 255 250 252 -60Hz 254 253 253 253 - « -lOOHz 257 257 252 254 -200Hz 263 259 252 255 MB MB MM —300Hz 262 257 260 259
continued ..
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continued
T2 lOHz 282 298 309 305 — BO50Hz 287 311 295 301 “ f» »60Hz 272 301 292 296 •k * *lOOHz 262 302 291 295 * — * ta200Hz 262 298 271 282 * * ■a300Hz 265 298 276 284 * 0» “
T3 lOHz 1075 1121 1154 1141 os* ma» mm50Hz 1114 1145 1165 1157 “ == mm60Hz 1078 1115 1123 1120 «B MOlOOHz 1062 1125 1152 1141 = * * —200Hz 1047 1104 1116 1111 BO ft. —300Hz 1074 1183 1144 1162 •* — —
VC lOHz 4.56 4.41 4.20 4.28 CG» «CO on50Hz 4.80 4.46 4.38 4.41 ** MB60Hz 4.74 4.42 4.63 4.54 — — -lOOHz 4.88 4.42 4.48 4.45 “ - * «a200Hz 4.94 4.45 4.56 4.51 — — * BO300Hz 4.76 6.50 4.54 5.25 — - MO
AC lOHz 74 63 65 64 mm * MO50Hz 78 69 71 70 mm «o> sa60Hz 78 58 64 62 * * * -MOlOOHz 75 63 63 63 * * am200Hz 74 66 66 66 ft. * mm300Hz 79 65 73 70 — — — “
T5 lOHz 1549 1774 1819 1802 «V * * —50Hz 1554 1748 1857 1813 “ * *60Hz 1619 1782 1900 1852 — * * aplOOHz 1661 1933 1743 1820 - * —200Hz 1611 1845 1765 1798 — — —300Hz 1567 1819 1824 1822 — * * ca
VD lOHz 2.21 1.96 1.91 1.93 mm50Hz 2.26 1.95 2.00 1.98 ft. *60Hz 2.20 1.86 2.00 1.94 * * *lOOHz 2.16 1.87 1.99 1.94 * » * -200Hz 2.26 1.93 2.00 1.97 - *300Hz 2.20 1.94 2.04 2.00 - MM — »
NotesSBP - Systolic Blood Pressure; DBP =: Diastolic Blood Pressure;PR = Pulse Rate. Significance: Pi=control and electricalP2=control and chemical, p3=control and all-patient, p4-electrical and chemical. p<0.01; *: p^O.05; p>0.05.
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Table 8-8. Group Self-controlled Comparisons; Symptom.
GROUP CHALLENGE MEAN E b E p i
ELECTRICAL Baseline 0 . 7 8 9 5Placebo 1 . 2 2 2 2 * *
1 0  Hz 1 . 1 6 6 7 *=* « a
5 0  Hz 0 . 9 4 7 4 -
6 0  Hz 1 . 3 6 8 4 * « •
1 0 0  Hz 0 . 9 4 7 4
2 0 0  Hz 0 . 9 4 7 4 » mm
3 0 0  Hz 0 . 9 3 7 5
CHEMICAL Baseline 0 . 6 2 4 9Placebo 0 . 6 0 7 1 “
1 0  Hz 0 . 6 4 2 9
5 0  Hz 0 . 5 0 0 0 a . «a
6 0  Hz 0 . 6 4 2 9 - -
1 0 0  Hz 0 . 7 5 0 0 == mm
2 0 0  Hz 0 . 7 1 4 3 - -
3 0 0  Hz 0 . 7 5 0 0 -
ALL-PATIENT Baseline 0 . 6 9 5 7Placebo 0 . 8 4 7 8 “
1 0  Hz 0 . 8 4 7 8 <a
5 0  Hz 0 . 6 8 0 9 « a
6 0  Hz 0 . 9 3 6 2 n . -
1 0 0  Hz 0 . 9 3 6 2 - «n
2 0 0  Hz 0 . 8 6 7 5
3 0 0  Hz 0 . 8 1 8 2 -
CONTROL Baseline 0 . 0 0 0 0Placebo 0 . 0 0 9 8 -
1 0  Hz 0 . 0 0 0 0 -
5 0  Hz 0 . 0 0 0 0 a .
6 0  Hz 0 . 0 0 0 0 • a
1 0 0  Hz 0 . 0 0 0 0 MB
2 0 0  Hz 0 . 0 0 0 0
3 0 0  Hz 0 . 0 0 0 0 - MM
Note: - = p>0.05; *=p<0.05; ** = p<0.01.Pt,: comparisons of baseline withplacebo and challenges;Ppi: comparisons of placebo with challenges,
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Table 8-9. Group Self-controlled Comparisons; Signs.
GROUP CHALLENGE MEAN Eb Epi
ELECTRICAL Baseline 0.1111Placebo 0.1481 «•10 Hz 0.166750 Hz 0.210560 Hz 0.2105100 Hz 0.2105 “200 Hz 0.1065 -300 Hz 0.0625 ». “
CHEMICAL Baseline 0.1429Placebo 0.154810 Hz 0.2500 ea50 Hz 0.2143 - «60 Hz 0.2143 d.100 Hz 0.1786200 Hz 0.2143 «=»300 Hz 0.2143 *•
ALL-PATIENT Baseline 0.1304Placebo 0.1522 a.10 Hz 0.2174 «*»50 Hz 0.212860 Hz 0.2128 MM -100 Hz 0.1915 <»200 Hz 0.1702300 Hz 0.1591 “
CONTROL Baseline 0.0284Placebo 0.009810 Hz 0.0000 = m50 Hz 0.029460 Hz 0.0000100 Hz 0.0000 — -200 Hz 0.0000 - •a300 Hz 0.0000
Note; - = p>0.05; *=pS0.05; ** « p^O.Ol.Pj,: comparisons of baseline withplacebo and challenges; ppi: comparisons of placebo with challenges,
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Table 8-10.
2 2 1
Note:
Group Self-controlled Comparisons; Systolic Blood Pressure(mmHg).
GROUP CHALLENGE MEAN Eb
ELECTRICAL Baseline 120Placebo 11910 Hz 11950 Hz 118 - «a60 Hz 119 -100 Hz 120200 Hz 118300 Hz 118 — »
CHEMICAL Baseline 123Placebo 12210 Hz 12250 Hz 119 ** *60 Hz 122100 Hz 122200 Hz 121 =300 Hz 121 •a MM
ALL-PATIENT Baseline 122Placebo 121 -10 Hz 12150 Hz 119 ** *60 Hz 121100 Hz 121200 Hz 120 - MM300 Hz 120 — «
CONTROL Baseline 116Placebo 113 *10 Hz 113 * •a50 Hz 113 **60 Hz 113 **100 Hz 112 ** «n.200 Hz 112 * "=300 Hz 112 &
- = p>0.05; *=p<0.05; ** = pSO.Ol.Pb: comparisons of baseline withplacebo and challenges;Ppi: comparisons of placebo with challenges
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Table 8-11 Group Self-controlled Comparisons; Diastolic Blood Pressure(mmHg).
GROUP CHALLENGE MEAN E b
ELECTRICAL Baseline 8 1Placebo 8 0
1 0  Hz 8 0 B#
5 0  Hz 7 9 MM
6 0  Hz 7 9 —
1 0 0  Hz 8 0 CM
2 0 0  Hz 7 9
3 0 0  Hz 8 0 a. -
CHEMICAL Baseline 8 2Placebo 8 0 CM
1 0  Hz 8 0 CM
5 0  Hz 7 9 * «n
6 0  Hz 8 0
1 0 0  Hz 8 1 - •a*
2 0 0  Hz 8 2 «**» «a
3 0 0  Hz 8 2
ALL-PATIENT Baseline 8 2Placebo 8 0 CM
1 0  Hz 8 0 -c CM
5 0  Hz 7 9 * cn
6 0  Hz 8 0 CM cm
1 0 0  Hz 8 0 “
2 0 0  Hz 8 1 CM ==
3 0 0  Hz 8 1 MM
CONTROL Baseline 7 6Placebo 7 4
1 0  Hz 7 5 BO
5 0  Hz 7 6 CM *
6 0  Hz 7 4 «SC ca
1 0 0  Hz 7 4 CM
2 0 0  Hz 7 5 ■“ BB
3 0 0  Hz 7 6 CM
Note; - = p>0.05; *=p30.05; ** = p<0.01.P},: comparisons of baseline withplacebo and challenges; ppi: comparisons of placebo with challenges.
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Table 8-12. Group Self-controlled Comparisons: Pulse Rate(times/min.).
GROUP CHALLENGE MEAN Eb Epi
ELECTRICAL Baseline 74Placebo 7410 Hz 73 -50 Hz 73 «B a#60 Hz 74100 Hz 72 •M» a.200 Hz 74300 Hz 73 «
CHEMICAL Baseline 67Placebo 6810 Hz 6750 Hz 6860 Hz 69 «a CM100 Hz 69 — CM200 Hz 70 -300 Hz 68
ALL-PATIENT Baseline 70Placebo 7010 Hz 6950 Hz 70 a» CM60 Hz 71 a.100 Hz 70 «.200 Hz 72 a. «3»300 Hz 70 ac a.
CONTROL Baseline 64Placebo 63 -10 Hz 64 ca KB50 Hz 62 = -60 Hz 65 mm100 Hz 63 a> «»200 Hz 62 ea300 Hz 63 MB
Note; - = p>0.05; *=p<0.05; ** = pSO.Ol.Pb: comparisons of baseline withplacebo and challenges;Ppi: comparisons of placebo with challenges,
CHAPTER EIGHT 224
Table 8-13. Group Self-controlled Comparisons s Dl(mm).
GROUP CHALLENGE MEAN Eb E^ i
ELECTRICAL Baseline 5.65Placebo 5.52 —10 Hz 5.57 —50 Hz 5.55 —60 Hz 5.49100 Hz 5.57 •= CM200 Hz 5.52 “ «C»300 Hz 5.72
CHEMICAL Baseline 5.89Placebo 5.74 *10 Hz 5.85 „ CM50 Hz 5.83 =60 Hz 5.76 —100 Hz 5.70 *200 Hz 5.73 * MB300 Hz 5.68 —
ALL-PATIENT Baseline 5.79Placebo 5.66 **10 Hz 5.74 a*50 Hz 5.71 - «=60 Hz 5.65 *100 Hz 5.65 * a»200 Hz 5.64 *300 Hz 5.69 *
CONTROL Baseline 6.05Placebo 5.86 **10 Hz 5.87 **50 Hz 5.85 *60 Hz 5.84 **100 Hz 5.79 iek =200 Hz 5.80 ** KM300 Hz 5.79 **
Note: - = p>0.05; *=p30.05; ** = p<0.01.Pb: comparisons of baseline withplacebo and challenges;Ppj,: comparisons of placebo with challenges.
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Table 8-14. Group Self-controlled Comparisons: D2(mm)
GROUP CHALLENGE MEAN Pb
ELECTRICAL Baseline 3.62Placebo 3.56 »10 Hz 3.58 •a50 Hz 3.52 KM60 Hz 3.53 =100 Hz 3.54 cm “200 Hz 3.52 ***300 Hz 3.62 -
CHEMICAL Baseline 3.92Placebo 3.78 *10 Hz 3.89 «a50 Hz 3.8760 Hz 3.83 — «0100 Hz 3.73 *200 Hz 3.76300 Hz 3.76
ALL-PATIENT Baseline 3.80Placebo 3.69 *10 Hz 3.77 mm -50 Hz 3.73 —60 Hz 3.71100 Hz 3.65 * TO200 Hz 3.66300 Hz 3.70
CONTROL Baseline 4.05Placebo 3.92 *10 Hz 3.9150 Hz 3.84 * ==60 Hz 3.89 -100 Hz 3.84 **200 Hz 3.81 **300 Hz 3.89 *
Note: - = p>0.05; *=p30.05; ** = psO.Ol.Pb: comparisons of baseline withplacebo and challenges;Ppi: comparisons of placebo with challenges.
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Table 8-15. Group Self-controlled Comparisons: CR.
GROUP CHALLENGE MEAN Eb Epi
ELECTRICAL Baseline .3432Placebo .350210 Hz .3533 MB50 Hz .3595 —60 Hz .3505100 Hz .3595 ““200 Hz .3553300 Hz .3581 - “
CHEMICAL Baseline .3332Placebo .337710 Hz .3293 « a»50 Hz .3223 «*>60 Hz .3343 =100 Hz .3411 een200 Hz .3362 «»300 Hz .3364 — -
ALL-PATIENT Baseline .3372Placebo .342610 Hz .3387 »50 Hz .3373 m»60 Hz .3409 ** -100 Hz .3485 -200 Hz .3440 —300 Hz .3433 ““ -
CONTROL Baseline .3241Placebo .322310 Hz .325350 Hz .3356 -60 Hz .3181 =100 Hz .3329 «»200 Hz .3329 ==300 Hz .3368 “
Note: - = p>0.05; *-p<0-05; ** = p^O.Ol.Pb: comparisons of baseline withplacebo and challenges; ppi: comparisons of placebo with challenges.
CHAPTER EIGHT
Table 8-16. Group Self-controlled Comparisons: Al(ram^ ).
227
Note;
GROUP CHALLENGE MEAN Eb Epl
ELECTRICAL Baseline 25.90Placebo 24.8310 Hz 25.3350 Hz 25.05 =60 Hz 24.55 “ -100 Hz 25.05 — KM200 Hz 24.75 CO =300 Hz 26.34 cn
CHEMICAL Baseline 28.08Placebo 26.69 *10 Hz 27.44 ”50 Hz 27.5860 Hz 26.97100 Hz 26.10 *200 Hz 26.33 *300 Hz 26.43 —
ALL-PATIENT Baseline 27.13Placebo 25.96 * *10 Hz 26.62 KM50 Hz 26.56 — MB60 Hz 25.99 * -100 Hz 25.68 * * am200 Hz 25.69 * *300 Hz 26.40 —
CONTROL Baseline 29.71Placebo 27.72 *10 Hz 28.21 *50 Hz 27.67 *60 Hz 27.56 * *100 Hz 27.16 k-k =200 Hz 27.38 kk -300 Hz 26.99 * *
- = p>0.05; *=p<0.05; ** = pzO.Ol.Pb: comparisons of baseline withplacebo and challenges; ppi: comparisons of placebo with challenges,
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Table 8-17. Group Self-controlled Comparisons: Tl(ms)
GROUP CHALLENGE MEAN Eb Dpi
ELECTRICAL Baseline 252Placebo 255 «E»10 Hz 26350 Hz 255 — c=>60 Hz 253 mm <n>100 Hz 257 - KB200 Hz 259 4»300 Hz 260 «a »
CHEMICAL Baseline 252Placebo 257 -10 Hz 251 CM50 Hz 250 KP> ea60 Hz 253 KM ™100 Hz 252 e»200 Hz 252 cn300 Hz 260 —
ALL-PATIENT Baseline 252Placebo 25610 Hz 25650 Hz 252 mm60 Hz 253 ■=» mm100 Hz 254200 Hz 255 “ —300 Hz 254 -
CONTROL Baseline 255Placebo 253 a .10 Hz 257 ™ mm50 Hz 248 KB mm60 Hz 254 KB mm100 Hz 257 - am200 Hz 263 - am300 Hz 262 KM —
Note: - = p>0.05; *=p<0.05; ** = p<0.01.Pb: comparisons of baseline withplacebo and challenges;Ppi: comparisons of placebo with challenges,
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Table 8-18. Group Self-controlled Comparisons; T2(ms).
GROUP CHALLENGE MEAN Eb Ëpl
ELECTRICAL Baseline 323Placebo 303 **10 Hz 298 ** —50 Hz 311 -60 Hz 301 *100 Hz 302 *200 Hz 298 ** -300 Hz 300 **
CHEMICAL Baseline 308Placebo 296 >»10 Hz 30950 Hz 295 n»60 Hz 292 “ «w.100 Hz 291 «B200 Hz 271 ** kk300 Hz 276 ** kk
ALL-PATIENT Baseline 314Placebo 298 kk10 Hz 30550 Hz 301 *60 Hz 296 ** -100 Hz 295 **200 Hz 282 kk -300 Hz 296 kk
CONTROL Baseline 301Placebo 28710 Hz 282 k «o50 Hz 287 —60 Hz 272 ** *100 Hz 262 ** kk200 Hz 262 kk kk300 Hz 265 kk **
Note: = p>0,05; *-p^0.05; ** = pSO.Ol.Pb: comparisons of baseline withplacebo and challenges;Ppi: comparisons of placebo with challenges
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Table 8-19. Group Self-controlled Comparisons: T3(ms).
Note:
GROUP CHALLENGE MEAN Eb
ELECTRICAL Baseline 1137Placebo 112310 Hz 112150 Hz 114560 Hz 1115 = wm100 Hz 1125 » “ “200 Hz 1104 MB300 Hz 1183 CM
CHEMICAL Baseline 1148Placebo 112810 Hz 1154 *50 Hz 116560 Hz 1123 -100 Hz 1152 -200 Hz 1116 ““300 Hz 1144 K»
ALL-PATIENT Baseline 1144Placebo 112610 Hz 1141 -50 Hz 1157 —60 Hz 1120 =100 Hz 1141200 Hz 1111 cn300 Hz 1162 “
CONTROL Baseline 1102Placebo 1090 » .10 Hz 1075 —50 Hz 111460 Hz 1078 KM “100 Hz 1062 • » cm200 Hz 1047 cm300 Hz 1074
- = p>0.05; *=p<0-05; ** = p<0.01.Pb: comparisons of baseline withplacebo and challenges; ppi: comparisons of placebo with challenges
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Table 8-20. Group Self-controlled Comparisons: VC(mm/s).
GROUP CHALLENGE MEAN Eb Epi
ELECTRICAL Baseline 4.22Placebo 4.3210 Hz 4.41 *50 Hz 4.46 *60 Hz 4.42 AM «=»100 Hz 4.42 csa cm200 Hz 4.45300 Hz 4.34 «a
CHEMICAL Baseline 4.26Placebo 4.3110 Hz 4.2050 Hz 4.3860 Hz 4.63100 Hz 4.48 on*200 Hz 4.56 kk **300 Hz 4.54 kk **
ALL-PATIENT Baseline 4.21Placebo 4.32 am10 Hz 4.28 ma» —50 Hz 4.41 k60 Hz 4.54 k —100 Hz 4.45 kk *200 Hz 4.51 kk **300 Hz 4.30 — —
CONTROL Baseline 4.35Placebo 4.57 k10 Hz 4.56 am50 Hz 4.80 k *60 Hz 4.74 kk100 Hz 4.88 kk **200 Hz 4.94 kk kk300 Hz 4.76 kk —
Note:
- - p>0.05; *=p<0. 05; ** « p^O.Ol.
Pb:
'pi
comparisons of baseline withplacebo and challenges;comparisons of placebo with challenges
CHAPTER EIGHT 232
Table 8-21. Group Self-controlled Comparisons: AC(mm/s^).
GROUP CHALLENGE MEAN Du Epi
ELECTRICAL Baseline 62Placebo 62 -10 Hz 6350 Hz 6960 Hz 58100 Hz 63 «9»200 Hz 66300 Hz 64 <»
CHEMICAL Baseline 67Placebo 63 -10 Hz 65 CM cm50 Hz 71 KB60 Hz 64 = on100 Hz 63 “*■ BM200 Hz 66 KM ■m300 Hz 73 ». *
ALL-PATIENT Baseline 65Placebo 63 -10 Hz 64 KM -50 Hz 70 *60 Hz 62 MM100 Hz 63 AM200 Hz 66 **•300 Hz 65 MB
CONTROL Baseline 73Placebo 80 “10 Hz 74 «• MM50 Hz 78 HM «m60 Hz 78 BM100 Hz 75 •**200 Hz 74 MM300 Hz 79
Note: - = p>0.05; *=p<0.05; ** « p<0.01.Pb: comparisons of baseline withplacebo and challenges;Ppi: comparisons of placebo with challenges
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Table 8-22. Group Self-controlled Comparisons: T5(ms).
GROUP CHALLENGE MEAN Eb Epi
ELECTRICAL Baseline 1893Placebo 186710 Hz 177450 Hz 1748 * cm60 Hz 1782 -100 Hz 1933 am200 Hz 1845300 Hz 1819 *
CHEMICAL Baseline 1911Placebo 184010 Hz 1819 - ■”50 Hz 185760 Hz 1900 -100 Hz 1743200 Hz 1765 =300 Hz 1824 —
ALL-PATIENT Baseline 1903Placebo 185010 Hz 1802 * sn50 Hz 1813 B»60 Hz 1852100 Hz 1820200 Hz 1798 * KB300 Hz 1822 * MB
CONTROL Baseline 1668Placebo 155110 Hz 1549 = *=•50 Hz 1554 - =-60 Hz 1619 cm100 Hz 1661 cm200 Hz 1611 •m300 Hz 1567
Note: “ = p>0.05; *=p<0.05; ** = p^O.Ol.Pb: comparisons of baseline withplacebo and challenges;Ppi: comparisons of placebo with challenges
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Table 8-23. Group Self-controlled Comparisons: VD(mm/s).
GROUP CHALLENGE MEAN Eb Epi
ELECTRICAL Baseline 1,83Placebo 1.88 oa10 Hz 1.9650 Hz 1.95 ““60 Hz 1.86 cm100 Hz 1.87 «0 -200 Hz 1.93 * -300 Hz 1,88 “
CHEMICAL Baseline 2.02Placebo 1.9910 Hz 1.91 *50 Hz 2.00 -60 Hz 2.00 - cm100 Hz 1.99 » MB200 Hz 2.00 •»300 Hz 2.04
ALL-PATIENT Baseline 1.95Placebo 1.95 «10 Hz 1.93 - cm50 Hz 1.98 ““60 Hz 1.94 cm cm100 Hz 1.94 fW200 Hz 1.97 — cm300 Hz 1.96
CONTROL Baseline 2.14Placebo 2.4010 Hz 2.21 «m »50 Hz 2.26 —60 Hz 2.20 - MB100 Hz 2.16 »200 Hz 2.26 »300 Hz 2.20
Note: - = p>0.05; *=p<0.05; ** = p<0.01.Pb: comparisons of baseline withplacebo and challenges; ppi: comparisons of placebo with challenges
iH01AII•K•K
in01f•K
m
O
dAQinI
aHIilVIII A
Ü1ii§•HH8(0m
«Ho
3CQ
Ni00
<DH«E-«
Wl
en
Es
cqlQI
SI
CQ
I I i I I I I 1 1 1 1 1 : 1  I I I I I I I 1 1 1 1 : 1 1
I I I I I V i I I I
■K -KI I V V I I I
I I I I 1 I I
I I I I I I I
I I I I I I I
*•K 4tV I  I V I 1 I
I I I
*  -jCI I V I I I V I I I
I I I I I I I I I I
I I I I I I I I I I
"kI I I I I I I A l l
I I I I I I I I I I
I I I I I I I A l l
I I I I I I I A l l
I I I I I I I I I I
*I I A
*•KI I A
I I I
I I I
I I I
* -K •K *I V V
I I I
* * 4C *
*
*  «K
1 1 : 1 1 1 1  I I I I I I I
** * 4C -K I I V V V V I
4C 4C 4C «  * * 4< * * *V I V V V V V
*K * *I I I  I A I I I A A I I I I I I I
I I I I I I I I I I I I I I
* * "K * * *I A A A I A A A A I
* * 4( * * •K •k 4C «I A I A A A A
I I I  I I I I I I I I I I I I I I
*  -k k k k •k k k k k k k k k k kA A I A I I A A A I A A A A A A A
i l l  I I I I I I I I I I I I I I
k k k k k kA l l  A I I I A I I A I A I A A A
k k k k k k k k k k  k k k k k k kA A I A I I A A A A A A A A A A A
I I I  I I I I I I I I I I I I I I
I I I  I I A I I I I I I I I I I I
k k k kk k k k k k k ki l l  I I A I I I I A A A A A A A
I I I  I I I I I I I I I I I I I I
I I I  I I I I I I I I I I I I I I
A  N N N N N N A  N N N N N N A  N N N N N N A  N N N N N N0) % «  m a  m m o) s  s  s  s  »  a  <D % m m m m o  m m m m mÜ O O O O O O  Ü O O O O O O  o o o o o o o  o o o o o o o(d I-H lO VO O  O  O  (0 1-1 in  VO O  O  O  (DHUOvO O O O  (OiHIOvO O O O
ÎI
iHPi iH cq CO Pi
ii
r4 (S CO Hr
HIi
M cq CO H Pi
aI
1-1 OJ CO
VO « y im iH <105 o
oVI P IGk >!IIkk CJI> 'too
o io|VI EhIAIIk CO• «,too
o oq|A Eh
AII
H itH(4O)pHI—1 H iCd <6mIIV A lu;
U0)•P oil(d p |Q)W0)II fHA Q
••CQa A l0 a 'CO
k A(d mA Qg0o Am0 COX)0 51Ü(d •H
pH COA
m e0 PKCO> ip(d a003 HCO hEH 0W 9O • 6H to OU <N Ü
A 00 (2$MEH 0 PA pH 3< A 0» (d PÜ Eh CD I
k k1 1 1 1 1 1 1 1 I 1 1 V 1 V 1 1 1 1 1 1 : 1 1 1
k1 : 1 1 1 1 V 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1
k  k k k  kk  k k  k k  k  ki 1 1 1 1 1 1 1 1 1 V V 1 1 1 V V 1 1 V I V  V 1
1 1 1 1 1 1 1 1 : 1 1 1 1 1 i : 1 I 1 1 1 1 1 1
k1 1 1 1 1 1 A 1 1 1 1 1 1 1 1 1 1 1 i 1 1 I 1 1
k  k k  k  k !k  k k k k kt 1 1 1 1 1 i 1 1 1 A A 1 I 1 i i 1 1 1 A A A A
1 1 1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 i 1 1 1 1 1
1 1 1 I 1 I 1 1 1 1 I i 1 1 1 1 1 1 1 I 1 1 1 1
1 1 1 : 1 1 1 I 1 1 1 1 i 1 1 1 1 1 1 1 I 1 1 1
1 1 i 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 I 1 1 : 1 1 1 1 1 1 1 1 1 1 1 1
k1 1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 V I 1 1 1
k k1 1 1 1 1 1 1 A 1 1 1 1 1 A 1 1 1 1 1 1 1 1 1 1
1 1 : 1 : 1 i 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1
1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
N N N N N N N N N N N N N N N N N N N N N N N NA  A  A  A  A  A A  A  A  A  A  A A  A  A  A  A  A A  A  A  A  A  AO  O  O  O  O  O O  O  O  O  O  O O  O  O  O  O  O o  o  o  o  o  oH  to VO O  O  O M to VO O  O  O H  to VO O  O  O H  to VO o  o  oH  cq CO H  N  CO H  cq CO H  cq COEHAMP HBH •3u oH A AS 1 EHM PI AA i4 OU < U
CHAPTER EIGHT
Table 8-26. Cases with different parameters(S=total). number of
237
positive
Group & Number of Positive ParametersChallenae 0 1 2 3 4 5 6 7 8 9-16 s
Elec.10 Hz 2 3 2 6 2 2 0 1 1 0 19
50 Hz 0 4 3 8 3 0 1 0 0 0 19
60 Hz 3 5 1 4 2 1 3 0 0 0 19
100 Hz 3 2 3 6 2 1 0 1 1 0 19
200 Hz 1 4 5 2 7 0 0 0 0 0 19
300 Hz 2 5 4 2 2 2 0 1 0 0 19
Chem.10 Hz 3 9 5 7 3 1 0 0 0 0 28
50 Hz 3 9 8 3 3 0 2 0 0 0 28
60 Hz 3 8 6 4 1 3 2 1 0 0 28
100 Hz 5 7 8 4 3 0 0 0 1 0 28
200 Hz 3 5 8 3 4 5 0 0 0 0 28
300 Hz 3 9 5 3 4 1 1 1 1 0 28
All10 Hz 5 12 7 13 5 3 0 1 1 0 47
50 Hz 3 13 11 11 6 6 3 0 0 0 47
60 Hz 6 13 7 8 3 4 5 1 0 0 47
100 Hz 8 9 11 10 5 1 0 1 2 0 47
200 Hz 4 9 13 5 11 5 0 0 0 0 47
300 Hz 5 14 9 5 6 3 1 2 1 0 47
Cntrl 10 Hz 5 4 10 7 3 4 1 0 0 0 34
50 Hz 5 4 7 9 3 5 1 0 0 0 34
60 Hz 2 5 9 9 5 1 1 2 0 0 34
100 Hz 4 9 5 6 3 5 2 0 0 0 34
200 Hz 5 5 4 9 2 7 1 1 0 0 34
300 Hz 4 7 5 8 5 1 1 2 1 0 34
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Table 8-28. Chi-square tests of the number of the positive parameters outside placebo's mean ± 1.96 SD among the four groups.
Comp. & __Challenge 0
E & Cntrl:
10 Hz
50 Hz -
60 Hz 
100 Hz 
200 Hz 
300 Hz 
C & Cntrl 
10 Hz 
50 Hz 
60 Hz 
100 Hz 
200 Hz 
300 Hz 
Rll & Cntrl 
10 Hz 
50 Hz 
60 Hz 
100 Hz 
200 Hz 
300 Hz
Number outside mean ± 1.96 SD 8 &9
>*
Note:E: electrical; Cntrl: control; C: chemical; All: all­patients (E + C).>: more than; p < 0.01; *: p ^ 0.05; -: P > 0.05.
9. DISCUSSION AND CONCLUSION
9.1 EMF Levels in the Test Room
Since the detection limits of the Safe Meter are 0.030 pT for 
magnetic fields and 2.5 V/m for electrical fields, the EMF levels 
in the test room were actually none-detectable for most of the 
measurements. All subjects, in particular patients, were asked if 
he/she was happy with the microclimate in the test room. No subject 
was unhappy with the test room. Both magnetic and electrical fields 
were at the lower side of the common levels found in office and at 
home(Ahlbom et al. 1987). This result indicated there was no strong 
electromagnetic sources which significantly affect the EMF levels 
in the test room. So, the background levels of electrical and 
magnetic fields in the test room were considered as acceptable for 
the EMF test.
9.2 Baseline Differences between Patients and Controls
Electrically sensitive and chemically sensitive patients, and 
the all-patient(combined) groups had more symptoms than controls 
before test. Patients in the chemical and all-patient groups had 
a higher diastolic blood pressures than controls. The electrical 
and all-patient groups had a faster pulse rate(Table 8-5). However 
the differences in both diastolic blood pressure and pulse rate 
were within the normal physiological range. Patients had longer 
dilation time and slower velocity of dilation than controls.
Both blood pressure and pulse rate are controlled by the 
autonomic nervous system. Patients' higher diastolic blood 
pressures and faster pulse rates indicate that the sympathetic
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autonomic nervous system were a little more activated. However, in 
contrast, patients' longer dilation time and slower velocity of 
dilation indicated that the sympathetic control of their autonomic 
nervous system was inhibited. This contradiction may be explained 
in the fact that blood pressure and pupillary light reflex are 
controlled by different mechanisms. It is necessary to briefly 
discuss the anatomy and physiology of pupillary reflex.
The pupil is the central opening of the iris, in which the 
smooth muscle fibres are arranged in two parts. The one close to 
the free edge of the iris is arranged in a circular manner - the 
sphincter pupillae muscle. The other is arranged in a radiative 
manner - the dilator pupillae muscle consisting of many fibres that 
radiate from the sphincter to the periphery of the iris.
When the sphincter muscle contracts the pupil constricts - 
becoming smaller. On the other hand, when the dilator pupillae 
muscle contract the pupil is enlarged. The amount of light that 
enters the eye through the pupil is proportional to the area of the 
pupil. The pupil of the human eye can became as small as 
approximately 1.5 mm and as large as 8 mm in diameter. Therefore, 
the quantity of light entering the eye may very approximately 30 
time as a result of changes in pupillary apertures.
When light is shone into the eyes the pupils constrict - this 
is called the pupillary light reflex. The pupillary light reflex 
is a major function of the iris to increase the amount of light 
that enter the eye during darkness and to decrease the light in 
bright light. The mechanism of controlling the pupillary reflex is 
via a part of the autonomic nervous system.
The sphincter pupillae muscle is innervated by the
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parasympathetic portion of the autonomic nervous system carried in 
the oculomotor nerve. Stimulation of parasympathetic nerves excites 
the pupillary sphincter muscle, thereby decreasing the pupillary 
aperture, this is called 'miosis'. The dilator pupillae muscle is 
innervated by the sympathetic portion of the autonomic nervous 
system which was derived by pre- and post-ganglionic fibres stating 
in the upper thoracic segments of the spinal cord. On the other 
hand, stimulation of sympathetic nerves excites the radial fibres 
of the iris and causes pupillary dilatation, which is called 
'mydriasis'.
The neuronal pathway for this reflex is set up as follows. 
Light shines into the eye and is picked up by the retina, and the 
impulses are carried via the optic nerve to brain centres. There 
is a direct connection between these centres and the nucleus of the 
oculomotor nerve. The parasympathetic pre-ganglionic cells are 
stimulated and impulses pass along the oculomotor nerve to the 
ciliary ganglion. Here the synapse occurs with post-ganglionic 
fibres that travel to the sphincter pupillae muscle to constrict 
the pupil as a response.
While the controls of blood pressure are more complicated than 
those of pupillary light reflex, including neurofactorial, body 
fluid, and mechanical etc.
It can be therefore understood that patients' sympathetic 
autonomic controls for pupillary light reflex was activated while 
as sympathetic control of their autonomic nervous system was 
inhibited since that blood pressure and pupillary light reflex are 
controlled by different parts of autonomic nervous system in 
different mechanisms.
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The aim of the group comparisons was to see if there is any 
difference of any parameter between patient and control group 
before test. The baseline differences in symptom, diastolic blood 
pressure, pulse rate, and pupillary reflex parameter(dilation time 
and velocity of dilation) indicate that one part of the sympathetic 
control of patients' autonomic nervous system is excited while 
another part may be inhibited. Whether these changes are the 
characteristic manifestations of chemically sensitive or 
electromagnetically sensitive patients or normal fluctuation is not 
clear.
The differences in active challenges are hard to explain since 
there were some differences in symptoms and other parameters 
between patients and controls before test.
9,3 Differences between Baseline, Placebo and
Active Challenges
The aim of comparing baselines with placebo and challenges; 
and comparing placebo with active challenges is to see the effect 
of active challenges on subject, i.e. whether active challenges 
cause patients more symptoms, signs, or any change in blood 
pressure, pulse rate, and the parameters of pupillary light reflex.
Although there are many significant changes in the baseline 
comparisons in both patients and controls in most of the 
parameters, including symptom, systolic blood pressure, diastolic 
blood pressure, Dl, D2, Al, T2, T5, VC, and VD(Table 8-24), changes 
in the placebo comparisons are much fewer. The parameters show 
significant changes are systolic and diastolic blood pressures, T2, 
T3, VC, VD, and AC(Table 8-25). None of the six active challenges
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triggered more symptoms and signs in the four groups. So exposure 
to uniform sine wave magnetic fields with the frequencies of lOHz, 
50Hz, 60Hz, lOOHz, 200Hz, and 300Hz at the intensity of 30 jiT for 
very short time(3 minutes) did not cause patients with multiple 
chemical sensitivities or electromagnetic sensitivities more 
symptoms and signs. There is little experimental evidence to 
suggest the ELF magnetic fields can affect physiology or behaviour 
at the intensities encountered occupationally or at 
home(Sienkiewicz et al. 1991, NRPB 1993). However, we do not know 
if these fields could affect patients with multiple chemical 
sensitivities and especially those apparently sensitive to 
electromagnetic fields.
For the systolic blood pressure, both the chemical and all­
patient groups had positive response to 50 Hz in both baseline and 
placebo comparisons. The differences were 2 - 4 mmHg lower.
However for diastolic blood pressure the control group had one 
significant change at 50 Hz in the placebo comparison, 2 mmHg 
higher. Usually, a difference of 2 or 4 mmHg in blood pressure is 
within the normal fluctuation range, and is not clinically 
important. Since subjects were sitting quietly all the time in 
test, the 2 or 4 mmHg difference might be significant if there were 
no psychological factors influencing blood pressure. This 
possibility could not be excluded.
For the pupillary light reflex, most of the changes were on 
T2 (shorter) and VC (faster) . Since CR did not change, the extent of 
pupil constriction remained the same. In physics, velocity(vj is 
proportional to distance (s) and inversely proportional to time(t) : 
V = s/t. VC, CR, and T2 can be considered as v, s, and t
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respectively. Since T2 changed and CR did not, so in fact VC 
changed with T2.
It should be noted that there were more changes in T2 in the 
control group than in any patient group. Theoretically, a 
sensitizer triggers the symptom(s) of patients already sensitized, 
but does not affect healthy people; and a factor with biological 
effects will affect not only sensitive people but also healthy 
people. The changes of T2 in both patient and control groups 
support the possibility that extremely low frequency magnetic 
fields could be both a sensitizer and a factor with biological 
effects.
The findings of this study are not totally consistent with the 
results of the study conducted by Rea and colleagues(1991). The 
differences in findings between the two studies are shown in Table
9-1. Rea and colleagues found that out of 25 patients
Table 9-1, Differences in the results of two studies.
Parameters This Studv Pat. Cntrl PhasePat^ IIPlc°
Rea's Studv*Phase III Phase IV Pat Ctl'* Pat Ctl
Symptom — «. + — + + —
Sign « — + 4. 4" —
Blood pressure 4- + H- — + 4.
Pulse rate — “ 4" “ + 4.
Respiratory rate Not measured + — 4. 4" —
Pupillary light reflex + + + — + — -f
® Phase II - single-blind; phase III & IV - double-blind; ^ Pat - patient;® Pic - placebo; ^ Ctl - control;+ indicates possible effects.
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(screened from an initial 100) 16 showed positive responses to
active challenges and no response placebos compared with no 
responses in the control subjects to both active and blank 
challenges. However there are some methodological differences 
between the two studies. The challenges in the present study were 
uniform magnetic fields in ELF range and the wave form was 
sinusoidal. The field was applied horizontally across the subjects. 
In Rea's study the fields were not uniform, a square wave was used, 
and the field was applied vertically. In the present study the 
biological and health parameters were taken after each challenge 
whereas Rea's study measured the parameters during challenge 
exposure. Rea's challenge frequencies were from 0.1 Hz to 5 MHz 
where ours were confined to ELF frequencies. Finally, the 
Iriscorder used in Rea's study was model C2515(which measures both 
direct and indirect pupillary kight reflexes simutaneously) , rather 
than C2514(which does not measure direct and indirect pupillary 
reflexes at the same time) for this study. Although there is no 
comparative study of these two models, there is no reason why this 
should give fundamentally diffrent results. Clearly if these 
variables are important in determining responses then considerably 
more work needs to be done to define exactly the characteristics 
of the electromagnetic field that trigger biological effects in 
sensitive and non-sensitive individuals.
As to case self-controlled comparisons the positive number of 
parameters of each case (subject) derived in the way of self­
controlled comparison, i.e. placebo mean and standard deviations 
of each case are used as the criteria to assess the case. The 
distribution of the positive number of parameters in all four
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groups are very similar so that there is only one significant 
difference. Comparison of subjects with 4 positive responses to the 
200Hz challenge between electrical and control group showed that 
there were more people with 4 positive responses in the electrical 
group than that in the control group.
9,4 Summary
In group comparisons, patients had more symptoms, signs, 
higher blood pressures, faster pulse rates, a longer dilation time, 
and a slower velocity of dilation, (indicating heightened 
sympathetic activity) than controls before and throughout the 
tests. The electrical and chemical groups had very similar 
responses to the challenges. The significant differences of 
parameters of diastolic blood pressure, and pulse rate indicated 
that the sympathetic control of the circulation system of patients 
was heightened compared to controls. The changes of some variables 
of the pupillary light reflex(T2, dilation time, AC and velocity 
of dilation) of patients suggested however that both sympathetic 
and parasympathetic fibres of patient were in inhibition. It can 
be speculated that blood pressures and pupil light reflex are 
controlled by different parts of autonomic nervous system.
In the group self-controlled comparisons, patients did not 
have more symptoms and signs to the challenges than to the baseline 
and placebos. Exposure to sinusoidal ELF magnetic fields at 30jU.T 
for a very short time(3 minutes) did not trigger patients with 
chemical or electromagnetic sensitivity more symptoms and signs. 
There were much fewer changes in the placebo comparisons than in 
baseline comparisons in the four groups. Most of the placebo
CHAPTER NINE 249
comparison changes were in T2 and VC. Since there were changes in 
T2 in both patient and control groups. It is indicated that these 
fields may be a factor having biological effects.
9.5 Conclusion
The conclusions drawn from the results of this study are as 
follows :
• The objective differences between patients and controls before 
test were that patients had a higher blood pressure, faster 
pulse rate, a shorter T2, a faster AC, a longer dilation time, 
and a slower velocity of dilation in addition to more 
subjective symptoms;
• Exposure to uniform sinusoidal magnetic fields with the 
frequencies of lOHz, 50Hz, 60Hz, lOOHz, 200Hz, and 3 00Hz at 
a flux density of 3 0/iT did not cause more symptoms and signs 
in either patient or control groups;
• ELF EMF may be a factor having biological effects other than 
a sensitizer because of the changes of T2 and VC in pupillary 
light reflex in both patients and controls. The effects may 
be exciting the parasympathetic nerves or inhibiting the 
sympathetic nerves which control the constriction and dilation 
of pupils;
• The effect of the challenges on automatic nervous system need 
to be confirmed by further researches because of the limited 
number of changes and the degree of change which is usually 
within the normal fluctuation range.
PART THREE
OVERALL DISCUSSION AND CONCLUSION
10. OVERALL DISCUSSION AND CONCLUSIONS
Sick Building Syndrome comprises a variety of symptoms 
occurring with increased frequency among people in non-industrial 
indoor environments. The common symptoms of sick building 
syndrome are mucous membrane irritation, which can be associated 
with skin irritation, and central nervous system symptoms. Most 
of the symptoms are unspecific. Complaints are usually associated 
with people working in a particular type of building, which are 
often new or renovated office buildings, tight sealing(un- 
openable windows), large buildings with a proportion of exterior 
glazing, operated in or owned by the public sector and having 
some form of air-conditioning. In affected buildings, it has been 
suggested that 3 0% of new and refurbished buildings will have 
symptoms among staff and up to 85% of staff will suffer from one 
or more of symptoms. Women have more complaints than man. 
Clerical or secretarial people have more symptoms than 
professional or managerial people(Wilson et al. 1987b).
The causes of sick building syndrome are not well 
understood. No single factor has been found responsible for the 
problem. Studies have covered many aspects, including indoor air 
pollutants, building ventilation and ventilation systems, indoor 
climate, and occupants' work and work environment such as sex, 
age, occupational ranks, daily jobs, work load, daily and weekly 
working hours and physical factors in work the environment such 
as illumination, noise, VDU, and electromagnetic fields and 
radiations. Building related factors such as whether people work 
in an open planned office or a partitioned area, and the design
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characteristics of the building have also been suggested. The 
findings of these studies showed that some of these factors, at 
least to some degrees, contribute to sick building syndrome, 
including chemicals(Noback et al. 1990), physical factors
(Robertson et al. 1989; Stenberg, Sandstrom 1993), biological 
factors, and even social and psychological factors(Noback et al. 
1990; Skov et al. 1987, 1989) .
Environmental tobacco smoke(ETS) is a mixture of the 
products of tobacco combustion. There are more than 4,500 
chemicals identified in environmental tobacco smoke and most of 
the common indoor pollutants are found in environmental tobacco 
smoke. ETS is considered as one of the potential causes of sick 
building syndrome since it is an ubiquitous source of indoor air 
pollutants and its apparent effects of mucus membrane irritation 
fit the description of at least one symptom of the sick building 
syndrome(Melius 1984, Finnegan 1984, Skov et al. 1987, Burge 
1987, and Robertson et al. 1987, Hedge et al. 1993a, Raynal et 
al. 1993) .
Physical factors including illumination(lighting), noise, 
static electric charge, and electromagnetic fields are of 
increasing concern as to their potential important role in 
influencing the comfort and health of people working in non­
industrial indoor environments.
Chemical sensitivity(Rea 1992) or multiple chemical 
sensitivities (Ashford et al. 1991, Cullen et al. 1989) is being 
given more attention. Recognition of this as a cause of SBS 
arises because there is an increasing number of cases, in which 
people complain of symptoms when they are exposed to low levels
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of ambient chemicals. SBS may therefore, in some cases, be an 
example of chemical sensitivity. The physiological and 
biochemical mechanisms of chemical sensitivity are proposed to 
be related to immunological hypersensitivity, or the enzyme 
systems for detoxification (Rea 1993, 1992, Ashford et al. 1991, 
Ashford and Miller 1989). It is claimed that chemical sensitivity 
develops in response to chemicals at exposure levels 
significantly lower than that which would cause reaction in the 
general population. There is still insufficient evidence to 
demonstrate the mechanisms of this so the concept of chemical 
sensitivity has not been widely accepted.
The spectrum of symptoms complained of by patients with CS is 
different from that of sick building syndrome; it may involve 
several systems including central nervous system, respiratory 
system, and cardiovascular system. Most symptoms are also 
subjective.
Electromagnetic sensitivity is thought to be related to 
chemical sensitivity and some patients with chemical sensitivity 
claim that they are also sensitive to electromagnetic fields. 
Certain frequencies produced by common electronic equipment in 
office and electrical appliances at home are claimed to trigger 
symptoms (Rea et al. 1991, Smith et al. 1989, and Bell et al.
1991) . It is known that the ionizing part of electro-magnetic 
spectrum is harmful to health, however relative little is known 
about the health effects of non-ionizing radiation at low level 
exposure. The common symptoms of electromagnetic sensitivity are 
similar to those of chemically sensitive patients, for example, 
headache, dizziness, and fatigue etc.
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In this study it was found that exposure to environmental 
tobacco smoke, and working in air-conditioned buildings may have 
a combined effect on increasing SBS symptoms although neither ETS 
exposure nor working in air-conditioned buildings caused more 
symptoms than working in naturally ventilated building without 
ETS exposure. Environmental tobacco smoke exposure therefore is 
a contributor to the symptoms of SBS, but its contribution is 
small in a not apparently 'sick' building. The results of 
multiple regression also indicate environmental tobacco smoke is 
one of the significant contributors. These results support the 
findings of Raynal et al. (1993) and Zweer et al. (1992) , in which 
exposure to environmental tobacco smoke was found to be a small 
contributor to sick building syndrome symptoms.
The symptoms found were similar to those seen in other 
studies, including mucous membrane irritations, respiratory 
symptoms, general symptoms such as headache, lethargy, and 
asthmatic symptoms though the number of symptoms investigated 
varies from study to study(Norback 1990, Burge 1987, Hedge 1993, 
Raynal 1993). The general work-related symptoms are usually 
dominant among office workers in either a sealed or a naturally 
ventilated building, which does not have known problems.
The study on electromagnetic sensitivity did not find 
patient, i.e. individuals who had a diagnosed chemical 
sensitivity, to have more symptoms or signs to challenges with 
EM fields than to the baseline or placebos. Exposure to 
sinusoidal ELF magnetic fields at 30/xT for a very short time (3 
minutes) did not trigger any more symptoms and signs in patients 
with chemical or electromagnetic sensitivity. This result is not
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consistent with the results of the study conducted by Rea and 
colleagues (1991) . Rea and colleagues found that out of 25 
patients(screened from an initial 100) 16 showed positive
responses to active challenges and no response in the control 
subjects to either active or blank challenges. However there are 
some methodological differences between the two studies. The 
challenges in the present study were uniform magnetic fields in 
the ELF range and the wave form was sinusoidal. The field was 
applied horizontally across the subjects. In Rea's study the 
fields were not uniform, a square wave was used, and the field 
was applied vertically. In the present study the biological and 
health parameters were taken after each challenge whereas Rea's 
study measured the parameters during challenge exposure. Rea's 
challenge frequencies were from 0.1 Hz to 5 MHz whereas in this 
study were confined to ELF frequencies. There were much fewer 
changes in the placebo comparisons than in baseline comparisons 
in the four groups. Most of the placebo comparison changes were 
in T2(time for pupillary constriction) and VC(velocity of pupil 
constriction) . Since there were changes in T2 in both patient and 
control groups. It is suggested that these fields may have a 
fundamental effect on the autonomic nervous system.
Patients had more symptoms, signs, heightened sympathetic 
activity than controls before and throughout the tests. The 
significant differences in the parameters of diastolic blood 
pressure, and pulse rate indicated that the sympathetic control 
of the circulation system of patients was heightened compared to 
controls. The changes in pupillary constriction time, dilation 
time, and velocity of dilation etc in patients suggested however
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that both sympathetic and parasympathetic fibres of patient were 
in inhibition. The reason for this may be that blood pressure and 
pupil light reflex are controlled by different parts of the 
autonomic nervous system.
In summary, exposure to environmental tobacco smoke in some 
degree contributes bo the SBS symptoms, which are also associated 
with factors such as gender, and occupation etc. Extremely low 
frequency EMF does appear to have an effect on autonomic controls 
in both sensitive and non-sensitive individuals although it does 
not appear to trigger symptoms in individuals with 
electromagnetic sensitivity.
To summarize the results and discussions of previous 
chapters, the conclusions of this study are:
1. Exposure to ETS and working in air-conditioned buildings 
have a synergistic effect on increasing the sick building 
syndrome symptoms although neither of them was individually 
significant.
2. SBS symptoms were influenced by multiple variables, of 
which humidity, psychological factors, sex and occupation 
were important.
3. The most common symptom complained of by office workers is 
headache with a complaint rate of 20%. Females and 
secretaries had the most complaints.
4. Exposure to uniform sinusoidal magnetic fields with 
frequencies of lOHz, 50Hz, 60Hz, lOOHz, 200Hz, and 300Hz at 
a flux density of SOfiT did not cause more symptoms and 
signs in electrically sensitive individuals and control 
subjects;
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5. The objective differences between sensitive people and 
controls before test were that patients had a higher blood 
pressure, faster pulse rate, a shorter T2, a faster AC, a 
longer T5, and a slower VD in addition to more subjective 
symptoms;
6. ELF EMF could be a factor having physiological effects 
because of the changes of T2 and VC in pupillary light 
reflex in both sensitive individuals and controls. The 
effects may be on the parasympathetic nerves or the 
sympathetic nerves which control the constriction and 
dilation of pupils;
7. Further quantitative studies are needed to confirm the 
effects of environmental tobacco smoke exposure on SBS 
symptoms, and ELF EMF exposure on patients with chemical 
or electromagnetic sensitivity.
APPENDICES
APPENDIX I GENERAL HEALTH AND ENVIRONMENT 
QUESTIONNAIRE
Please answer all questions by circling the appropriate numbers or giving details/explanations. FOR OFFICEUSE ONLY
SECTION 1 OUESTIONS ABOUT YOUR OCCUPATION
1. Please state the address of your office or the building:
LINE 1
5 6
What block or wing of the building do you work in ?
What floor of the building do you work on ?
Are you full-time or part-time ?
- full-time........................... 1- part-time........   2
Please note: Question 4--6 relate to the office where you spend most of your time at work in this building
4. How long have you worked in this office ?
1 - - 3 months......................... 14 - - 6 months  .................... 27 --12 months......................... 3More than 1 year, please state:
years months
10
5 . On average, how many hours do you work per week in this office ?
hours 11
How many days do you work in this office per week ? 
____________ days 12
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How much of your typical working day is spent inside this building ?
2 hours or less.......................13 “ “ 4 hours..........................25 - - 6 hours..........................37 - - 8 hours......................   4More than 8 hours, please state :
___________ hours/day
FOR OFFICEUSE ONLY
13
Please state your occupation and give a brief description of your job. 14
15
9. What is the best aspect of your work ? 16
10. What is the worst aspect of your work ? 17
11 What do you think of your job ? Please answer all the questions. Yes No-satisfying.............. . . .1 2 18-stimulating............. . . .1 2 19-interesting............. ... 1 2 20-OK...................... ... 1 2 21-boring.................. . . .1 2 22-hard.................... ... 1 2 23-easy....................-any other, please state: 1 2 24
25
12. If you are not completely happy with your job, how do you think it could be improved ? 26
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13 . During a typical working day does your work involve any of the following ? Please answer all questions.
F: frequently, ie every day. (1)S: sometimes, ie once or twice a week.(2)R: rarely, ie less than once a week.(3)N: never.(4)
F S R NUse of typewriter........ . .1 2 3 4 27Use of VDU/word processor. . .1 2 3 4 28Use of telephone......... . .1 2 3 4 29Use of photocopier....... . .1 2 3 4 30Reading and checkingpaper work... .1 2 3 4 31Filing.................. . .1 2 3 4 32Maintenance............. . .1 2 3 4 33
Any other, please state:
FOR OFFICEUSE ONLY
34
35
36
14 Of the answers you have just circled in question 13, please state 2 tasks which take the majority of your time on a typical work day.
1)
2)
taking
taking
hours/day 
hours/day
1__ 1 □
37 38□ □
39 40
15. On average, how much of your working day is spent sitting?
______________ hours/day 41
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SECTION
16
2 QUESTIONS ABOUT YOUR WORK ENVIRONMENT
What is the best aspect of your entire work environment ?
FOR OFFICEUSE ONLY
42
17. What is the worst aspect of your entire work environment ? 43
18. With respect to question 11, what do you thinkcould be done to improve your work environment ?
44
19. How many people share the same office with you ? Please state:
Is your office open plan ? If 'yes', please state how many people share the same partitioned area with you: ______________________ and
Roughly, how many people work in the whole open plan office:
45
46
47
□
20. Do you consider that it is crowded in your office ?
Yes .................................... 1No .................................... 2
If 'yes', what is the reason ? Please answer 'yes' or 'no' to each. Yes No-the room is too small.............. 1 2-too much furniture or equipment.... 1 2-too many people in................. 1 2-any other, please state:
48
495051
52
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21. Roughly, how large do you think your office is ? If you work in an open plan office, roughly, please state the partitioned area:
Length :_______________
Width : _______________
22. Do you think it is noisy in your office ?
Yes-very noisy....................... 1-slightly noisy....................2No .................................. 3
If 'yes,' please state the main cause(s):
FOR OFFICEUSE ONLY
53 54
55 56
23. Do you like your office decor ?
Yes................................. 1O.K   2No.................................. 3Please state what you like or dislike
57
58
59
60
61
62
24 . Is your office floor carpeted ?
Yes.................................... 1No................   2
If 'yes', is it wall-to-wall?- Yes................................ 1- No................................. 2
In general, what do you think of the light in your office ? Please ring only one answer.
- usually good.................. 1- usually O.K................... 2- usually too bright............. 3- usually too dark............... 4
63
64
25
65□
APPENDIX I 263
26. If the answer to question 25 is not 'good' or 'O.K.', please state the main cause(s) of the bad light in your office.
FOR OFFICEUSE ONLY
66
67
27 Is your office served by an independent air-conditioning unit ?
Yes No. 68
28. Can the window(s) in your office be opened?
Yes- they are opened frequently......... 1- they are opened sometimes..... 2- but they are never opened..... 3
No - they cannot be opened.............. 4
69
29. What do you think of the following aspects of your work environment ? Please answer all questions.U: usually (1)R: rarely (2) U RAir quality - excellent....., . .1 2- O.K.......... . . .1 2- poor.............1 2
Air movement- just right...... . .1 2- too draughty.... . . 1 2too stuffy... . . . 1 2- fluctuates....., , , 1 2
Temperature - just right.... . . . 1 2
- too cool....... . .1 2
- too hot....... .. . . 1 2
- fluctuates.... 1 2
Humidity just right.... . . . 1 2- too humid.... . . . 1 2- too dry...... . . . 1 2
Any other, please state:
707172
73747576 LINE 2
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SECTION 3 QUESTIONS ABOUT HEALTH
30. How would you describe your general health ?
Excellent............................. 1Good.................................. 2Average............................... 3Poor.................................. 4
FOR OFFICEUSE ONLY
31. How often do you suffer from the following symptoms or illnesses? Please give an answer to all the questions.F: Frequently, once a week or more (1)0: Occasionally, once a month or less (2)N : Never (3) F 0 NHeadache........... .....1 2 3 10Migraine............ .....1 2 3 11Lethargy........... .....1 2 3 12Dizzy spells........ .....1 2 3 13Mental fatigue...... .....1 2 3 14
Sleep problems...... .....1 2 3 15Stress............. .....1 2 3 16Indigestion......... .....1 2 3 17Tension............ .....1 2 3 18
Backache........... .....1 2 3 19Arm/shoulder cramp .. .....1 2 3 20
Eye strain.......... .....1 2 3 21Visual fatigue...... .....1 2 3 22Eye watering........ .....1 2 3 23Sore, dry eyes...... .....1 2 3 24Excessive blinking... .....1 2 3 25
Dry/blocked nose.... .....1 2 3 26Dry/sore throat..... .....1 2 3 27Coughing........... .....1 2 3 28Chest tightness..... .....1 2 3 29Colds.............. .....1 2 3 30
Any other, please state:
31
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32 . Which symptom/illness in question 31, that you suffer from, do you consider to be the most serious ?
Which symptom/illness do you suffer from the most frequently ?
FOR OFFICEUSE ONLY
32 33
34 35
33 When and where doPlease answer all the symptoms questions. a.m. p.m.
usually 
at work
start ? 
elsewhere
Headache........ . 1 2 1 2 36Migraine........ . .1 2 1 2 37Lethargy........ . .1 2 1 2 38Dizzy spells..... . .1 2 1 2 39Mental fatigue.... . .1 2 1 2 40
Sleep problems.... . .1 2 1 2 41Stress.......... . . 1 2 1 2 42Indigestion...... . .1 2 1 2 43Tension......... . .1 2 1 2 44
Backache........ . .1 2 1 2 45Arm/shoulder cramp . .1 2 1 2 46
Eye strain....... . .1 2 1 2 47Visual fatigue.... . .1 2 1 2 48Eye watering..... . .1 2 1 2 49Sore, dry eyes.... . .1 2 1 2 50Excessive blinking . .1 2 1 2 51
Dry/blocked nose... .1 2 1 2Dry/sore throat... . .1 2 1 2 52Coughing........ . .1 2 1 2 53Chest tightness... . .1 2 1 2 54Colds...........
Any other, please
. .1 
state
2 1 2 5556
57
34 If you have answered 'at work' to question 33, which particular factor(s) at work do you think 'trigger' or contribute to your symptom/illness ? Please state the symptom(s) and the factor(s). 58-5960-61
62-6364-65
66-6768-69
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35. Do some of your symptoms/illnesses occur together ?
Yes............................... 1No ...........................  2Don ' t know.........................3
If 'yes', please state which symptoms/illnesses occur together:
36. Is there an underlying medical reason(s) for your symptoms/illnesses ?
Yes............................... 1No................................ 2Don ' t know.........................3
If 'yes', please state the symptoms/illnesses and the reason(s) ?
FOR OFFICEUSE ONLY
70
71-7273-74
75-7677-78
LINE 3
2,34,5
6,78,9
37. How many days in the past twelve months have you been absent through sickness ?
None.................................. 11 -- 5................................ 26 -- 12............................... 313 or more............................ 4Don ' t know............................ 5If '13 or more',please state the number of days and the main reasons for absence :
38. Do you feel your health has changed since moving into this office ?
Yes- for the better................ 1- for the worse................. 2
No - stayed the same   . 3
10
11 12
13
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SECTION 4 GENERAL QUESTIONS
39. Does your office have a 'local' smoking policy except for that for the whole building?Yes...............................1No................................2I don ' t know...................... 3
If 'yes', what is it?
267
FOR OFFICEUSE ONLY
14
40 . If 'yes', how long has the 'smoking policy' been in operation ?
years months 15
41. In practice, where and when do people smoke at work in the building ? 16
17
42. Roughly, how many people are smokers in your office ?
Number 18 19
43. Do they smoke in this office ?
Yes.................................... 1Sometimes..............   2No..................................... 3 20
44 . Do you find the cigarette smoke in your office objectionable ?
Yes....................................1No.................................... 2I don't mind it........................ 3No one smokes in this office........... 4
21
4 5. Do you smoke ?
YesNo.
If 'yes', where do you smoke at work? Please state:
22
23
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4 6. For smokers only.How much do you smoke in your office each day (on average) ?
- cigarette number:______________
- cigar number:__________________
- oz. pipe tobacco:______________
How much do you smoke in other places, ie away from your office, each day ?
“ cigarette number:_____________
- cigar number :_________________
- oz.pipe tobacco:______________
What type of cigarette do you smoke most often in your office ?
- low tar......................... 1- middle tar...................... 2- high tar........................ 3
FOR OFFICEUSE ONLY
24 25
26 I 1
2 7 C = ]
28 29 
3 0 C ]  
311-- 1
32
47. Do you have any views about smoking at work please state :
33
48. What sex are you ?
Female Male . 34
49. Please state your age: years 35
Thank you very much for completing this questionnaire. If you could send it back to us in the 'freepost' envelope provided as soon as possible, I would be very grateful.
Tong WangRobens InstituteOccupational Health Unit30 Occam RoadThe Surrey Research ParkGuildfordSurrey GÜ2 5YW
APPENDIX n
CO NFIDENTIAL Code
HEALTH AND SENSITIVITY QUESTIONNAIRE
This questionnaire is part of a large project aimed at investigating the relationship between sensitivity and health. The information you provide will be seen only by members of our research team and will be treated in the strictest confidence.
We would be most grateful for your response to all the questions, if appropriate, in the questionnaire. Thank you for your cooperation.
TITLE : NAME
AGE:   SEX: male/female MARRIAGE:
OCCUPATION:
TEL.: ________________________  or UNIV. EXT.
DEPARTMENT AND ADDRESS:
1. Do you smoke? If yes, what do you smoke?
Cigarette ___  Pipe   Tobacco  Other
How many do you smoke per day?
Do you drink alcohol?
If yes, how much per week? (unit)
Have you drunk alcohol in the last 24 hours? 
If yes, how much? _______________________
Are you taking prescribed medicine or any other drugs at the moment ?
If yes, what are they? ______________________
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4. Do you currently have any symptom or are you suffering from any illness?
If 'yes', please state what they are:
5. Are you aware of being sensitive/allergic to anything? 
If 'yes', please state what they are:
Chemicals ___ what are they(if you know)?
Foods ___ what are they (if you know) ?
Physical __  electrical   temperature   heat
light ___ sound/noise   other
Biologically   what are they if you know?
6. What are the symptoms of your allergy/sensitivity?
7. Have you ever been sensitive/allergic to anything?
If 'yes', please state what they were:
Chemicals ___ what were they?
Foods ___ what were they?
Physical __  electrical ___ temperature   heat
light ___ sound/noise   other
Biologically   what were they?
8. What were the symptoms of your allergy/sensitivity?
Many thanks again. Please return it in the freepost envelope provided as soon as possible.
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